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Summary 
 
 
Peatlands are fragile ecosystems characterised by organic matter existing under waterlogged 
conditions.  These soils generally occur in lowland coastal and inland swamps, valleys and at 
high altitudes.  Tropical peat soils constitute over 8% (33-49 M ha) of the world's peat soils 
and 60 to 70% of tropical peat soils are found in Indonesia and Malaysia.  There are 2,457,730 
ha of peatlands in Malaysia, encompassing 7.45% of Malaysia’s total land area of 32,975,800 
ha.  The State of Sarawak has the largest area of peat soils in Malaysia i.e. 1,697,847 ha or 
69.08% of the total peatlands in the country. 
The State of Sarawak registered a big increase in the total planted oil palm area from 
14,091 ha in 1975 to 839,748 ha in 2009.  Shortage of land with mineral soils forced investors 
to consider peatlands for oil palm cultivation.  Development and use of tropical peat soils for 
oil palm cultivation in Malaysia, particularly in the State of Sarawak is a controversial issue.  
To Develop or conserve peatlands is a global issue which is hotly debated.  While 
environmentalists and most Non-Governmental Organisations (NGOs) support peat 
conservation, palm oil entrepreneurs and the governments perceive development of peatlands 
as a new business opportunity and a tool to eradicate rural poverty, which is high in Sarawak. 
Currently there is a lack of detailed scientific studies on peat classification, 
characteristics and their effect on the  economics of oil palms planted on peatlands.  A scientific 
research from the soil and economics perspective will add value to the knowledge of land use 
on peatlands.  It will provide an answer as to what extent peatlands should be developed or 
conserved.  Most past studies on tropical peatlands use only the general characteristics of peat 
and in many cases take only depth of peat into consideration.  Other characteristics such as 
xii 
presence and absence of wood, degree of wood decomposition, nature of underlying substratum 
and peat maturity (fibric, hemic and sapric) are seldom taken into consideration.  The above 
characteristics, especially the presence of wood, are not considered in the international soil 
classification systems such as the USDA Soil Taxonomy (Soil Survey Staff, 2010) and the 
World Reference Base for Soil Resources (IUSS Working Group WRB, 2014).  Similarly, the 
economics of oil palm cultivation on peat, especially in relation to yield and cost, also do not 
consider other inherent physical characteristics and are more confined to the depth of peat.  A 
balanced view on oil palm cultivation on peatlands taking into account economics, social, 
environmental and sustainability issues was also lacking in the past.  
The main objective of this research is to provide a guideline on land selection, use and 
future wise use of peatlands by using the inherent physical characteristics of tropical peat in 
Sarawak, Malaysia.  The study hypothesises that physical peat characteristics have an 
important impact on the economics of oil palm cultivation from a perspective of yield and cost 
of development to maturity.  To achieve the main objective, firstly the nature and extent of 
tropical peatlands in Southeast Asia and particularly Sarawak, Malaysia are assessed.  The fact 
that tropical peats are different from their temperate counterparts is also emphasised.  This is 
then followed by a comparison of current classification and mapping legends and historical 
development of organic soils classification in Malaysia with emphasis on Sarawak.  Thirdly, a 
review on current land use of peatlands for oil palm cultivation in Malaysia and in particular 
Sarawak is carried out.  The USDA Soil Taxonomy (Soil Survey Staff, 2010), World Resource 
Base (IUSS Working Group WRB, 2014) and the Malaysian Classification System 
(Paramananthan, 2010a) are then applied to evaluate their credibility in mapping, classifying 
and characterising tropical peatlands.  Using the findings and improvements made in the 
classification of tropical peatlands, an evaluation of the impact of inherent physical soil 
properties of tropical lowland peats on oil palm yield and cost of development to maturity is 
xiii 
carried out.  Other non-economic related issues such as social and environmental impact are 
also explored to provide a holistic view on peatlands development. 
The study includes a literature review which describes the nature, extent, genesis, and 
classification of tropical peatlands, as well as the economics of oil palm cultivation on 
peatlands.  A combination of cost/benefit analysis and literature review was used to analyse 
issues related to oil palm cultivation on peatlands.  The economics of oil palm cultivation on 
peat especially in relation to yield and cost as influenced by physical characteristics were 
studied.  This was done by analysing the existing information available on estates already 
planted with oil palm on peats in Sarawak.  An area of about 11,970 ha was selected out of 
areas already planted with oil palms which are now mature.  A semi-detailed soil survey with 
a resolution of one sampling point every 20 ha was carried out, using a system of free traversing 
for the entire study area.  At each observation point the soil was sampled using a Maculay peat 
auger and a Jerret soil auger to a depth of 125 cm or to the underlying mineral subsoil layer.  
Soils were described, identified and classified using the Malaysian Soil Taxonomy-Revised 
Second Edition and Keys to Identification of Malaysian Soils.  The classification of the soils 
was also compared with the USDA Soil Taxonomy (Soil Survey Staff, 2010) and the World 
Reference Base for Soil Resources (IUSS Working Group WRB, 2014). 
Based on the semi-detailed soil maps, both physical and chemical characteristics of the 
soils were analysed.  Four types of peat soils and one mineral soil (sandy spodosol) were 
selected based on their physical characteristics.  Plots of 60-110 ha were selected in a 
completely randomized design.  Yield and cost of development (COD) on the plots were 
recorded and statistically analysed.  In order to minimize errors, fields with palms of same age, 
similar management standards, planting materials, and planting densities were selected.  With 
xiv 
the information on the morphological and physical characteristics of the soils of oil palm fields, 
actual COD data were collected and statistically analysed using one-way ANOVA.  
Results show that the Malaysian classification system is more suitable to map tropical 
peatlands and to classify the selected soil profiles compared to USDA Soil Taxonomy and 
WRB for Soil Resources.  The presence of wood, degree of wood decomposition, the nature of 
the underlying mineral substratum, depth and peat maturity are used in the Malaysian Soil 
Classification system to classify up to soil series and phase level.  The current international 
classification systems can be improved by adopting some of the criteria of the Malaysian Soil 
Classification.  Such changes will contribute to the applicability of the two systems in tropical 
peatlands, which comprises 8% of global peatlands.  This will help to determine which areas 
can be developed and which must be reserved for conservation. 
Currently, most research suggests that only peat depth and drainability determine the 
performance of palms.  The Malaysian Soil Classification system is used to test the hypothesis 
that physical soil properties, such as peat maturity, presence of wood, depth and nature of 
underlying substratum, have an impact on oil palm yield.  The study shows that peat maturity 
has the most significant effect on yields, ranging between 9.47-22.92 M t ha-1 yr-1, due to the 
difference in the soil physical properties.  Sapric peats showed a yield range of 19.48-22.92 M 
t ha-1, while yields on hemic peats ranged between 9.47 and 13.37 M t ha-1.  Sapric peats are 
more decomposed, provide a good growth medium, have higher nutrient retention capacity as 
compared to hemic peats which are more porous.  Palms planted on peats with sandy 
substratum showed significant 68% higher yields compared to those over marine clay as 
underlying material.  The high variation in the results could be owing to the varying water table 
of the peat terrain.  The clay substratum will impede good drainage and cause flooding on soil 
surface which will affect harvesting operations during the monsoon season.  A high water table 
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also impedes good palm growth and induces “wet feet” symptoms which impede nutrient 
uptake.  Peat depth and presence or absence of wood have no significant impact on yield.  
Hemic material with undecomposed wood however has multiple disadvantages related to poor 
rooting, growth medium, high porosity and poor nutrient retention.  Contrary to common belief 
that all mineral soils perform better than peat soils, sandy soils within peat areas have proven 
to perform worse than at least two types of peat soils, mainly due to the presence of the spodic 
horizon which has an impact on drainage and root proliferation within the 100 cm depth.  Sandy 
soils also have poor moisture and nutrient retention capacities affecting oil palm yield 
performance. 
Peat type is shown to have a significant effect on the COD to oil palm maturity.  Cost 
of development in Naman on sapric peat with no wood, was lower by 8.7, 28.3 and 53.9% 
respectively as compared to Bayas (hemic with decomposed wood), Suai (sapric with 
undecomposed wood), Gedong (hemic with undecomposed wood).  The study shows that peat 
depth, presence and absence of wood and degree of wood decomposition have a significant 
impact  on the cost of development for oil palm as compared to other peat characteristics. The 
nature of the underlying mineral substratum and peat maturity was found to have  no significant 
impact  on COD.  The study further confirms that the COD on mineral sandy soils (Spodosol) 
is 7.2% lower as compared to peat soils such as Naman.  This is mainly due to the fact that 
poor growth of natural vegetation on sandy soils results in lower cost of felling and clearing.  
Road construction and preparation of harvester’s path is much cheaper on sandy soils than on 
peat soils, since the sand for the foundation is already present.  On peat soils road construction 
material needs to be transported from other source sites or needs to be dug from below the peat 
layer (mineral substratum).  Pests/diseases on peat soils are more prevalent than in sandy soils 
as wood present in peat soils is a natural attraction for termite activities. 
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The key findings of this research provide insight into whether peatlands should be 
developed or conserved by providing guidelines for future land use planning and sustainable 
use of peatlands.  The Malaysian Soil Classification system can be used to map and classify 
existing and remaining peat areas, to delineate areas which are suitable for oil palm cultivation 
and areas which should be left as conservation areas.  Peatlands with specific physical soil 
properties which show poor yields and a high COD are better left for conservation.  A holistic 
view which takes social and environmental factors into consideration along with the 
economics, will ensure more stringent criteria will be used for land selection for oil palm 
cultivation on peatlands. 
Future work should focus on mapping remaining peatlands in Sarawak in order to 
indicate which areas are suitable for oil palm development and which for conservation.  This 
will ensure that only selective development on suitable areas be carried out, leaving the 
remaining land for conservation.  As the impact of soil type on yield in this study is measured 
only for the first 11 years of harvesting, yield responses by soil type over a full life cycle of 
planting is recommended for future research.  A wider range of peat soil types is recommended 
to further improve and validate the current findings.  A sensitivity analysis including various 
costs of production during maturity, and prices of palm products in relation to various yield 
and COD levels will provide a full economic analysis, with Investment Rate of Returns (IRR) 
and payback period.  Future research should also look into narrowing the wide knowledge gaps 
pertaining to peatlands, such as greenhouse gas emission, carbon stocks, soil subsidence, 
biodiversity, and socio-economic issues. 
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Samenvatting 
 
 
Veengronden zijn kwetsbare ecosystemen gekenmerkt door het voorkomen van hoge gehaltes 
organische stof onder drassige omstandigheden.  Deze gronden komen over het algemeen voor 
in laaggelegen kustgebieden, in moerassen, valleien en op grote hoogte.  Tropische 
veengronden maken meer dan 8% (33-49 M ha) van 's werelds veengronden uit; 60 tot 70% 
van de tropische veengronden zijn te vinden in Indonesië en Maleisië.  Maleisië bevat 
2.457.730 ha veengebied, hetzij 7,45% van het totale grondgebied.  De deelstaat Sarawak heeft 
de grootste oppervlakte aan veengronden in Maleisië: 1.697.847 ha of 69,08% van het totale 
veengebied in het land. 
De staat van Sarawak registreerde een toename van de totale oppervlakte beplant met 
oliepalm van 14.091 ha in 1975 tot 839.748 ha in 2009.  Vanwege het gebrek aan andere 
geschikte gebieden wordt veengebied gezien als een potentieel uitbreidingsgebied voor de 
oliepalmteelt.  Ontwikkeling en het gebruik van tropische veengronden voor oliepalmteelt in 
Maleisië, met name in de staat Sarawak, is een controversieel onderwerp.  De ontwikkeling of 
de instandhouding van veengebieden is bovendien wereldwijd een veel besproken kwestie.  
Terwijl de milieubeweging en de meeste niet-gouvernementele organisaties (NGO's) het 
behoud van veengebieden onderschrijven, zien ondernemers en regeringen de ontwikkeling 
van veengebieden als een kans en een instrument om armoede op het platteland, die hoog is in 
Sarawak, uit te roeien. 
Momenteel is er een gebrek aan gedetailleerd wetenschappelijk onderzoek naar de 
kenmerken en classificatie van veengronden en de invloed hiervan op de groeikracht en 
opbrengst van oliepalm.  Onderzoek vanuit zowel bodemkundig als economisch perspectief 
zou de kennis over landgebruik op veengronden ten goede komen.  Het kan een antwoord geven 
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in hoeverre veengebieden moeten worden ontwikkeld of geconserveerd.  De meeste eerdere 
studies van tropische veengebieden gaan enkel uit van de algemene kenmerken van veen, en in 
veel gevallen wordt enkel met de dikte van de veenlaag rekening gehouden.  Andere 
eigenschappen, zoals de aanwezigheid van hout, de mate waarin dit hout al verteerd is, de aard 
van de onderliggende lagen, en de ontwikkelingsgraad van het veen (fibric, hemic, of sapric), 
worden zelden in overweging genomen.  De bovenstaande kenmerken, in het bijzonder de 
aanwezigheid van hout, worden niet gebruikt in de internationale bodemclassificatiesystemen 
zoals de ‘USDA Soil Taxonomy’ (Soil Survey Staff, 2010) en de ‘World Reference Base for 
Soil Resources’ (IUSS Working Group WRB, 2014).  Ook economische analyses van 
oliepalmteelt op veen, met name wat betreft de opbrengsten en kosten, beschouwen geen 
andere inherente fysische eigenschappen buiten de dikte van de veenlaag.  Een evenwichtige 
kijk op oliepalmteelt op veengronden, rekening houdend met economische, sociale, milieu- en 
duurzaamheidkwesties, ontbreekt tot op heden. 
Het belangrijkste doel van dit onderzoek is om richtlijnen uit te zetten voor landselectie 
en het duurzaam gebruik van veengronden, aan de hand van de inherente fysische kenmerken 
van tropische veengebieden in Sarawak, Maleisië.  De studie stelt als hypothese dat de fysische 
eigenschappen van de veengronden een belangrijke impact hebben op de economische aspecten 
van de oliepalmteelt, meer bepaald op de opbrengst en de kosten in de opstartfase.  Om de 
hoofddoelstelling te bereiken, worden in de eerste plaats de aard en omvang van tropische 
veengebieden in Zuidoost-Azië en in het bijzonder deze in Sarawak onderzocht.  Het feit dat 
tropische venen verschillen van hun gematigde tegenhangers wordt ook benadrukt.  Dit wordt 
gevolgd door een vergelijking van de huidige classificatie- en karteerlegendes, en een overzicht 
van de historische ontwikkeling van de classificatie van organische bodems in Maleisië, met 
de nadruk op Sarawak.  Ten derde wordt een beoordeling van de huidige landgebruik van veen 
voor oliepalmteelt in Maleisië en in het bijzonder Sarawak uitgevoerd.  Daarna wordt de 
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‘USDA Soil Taxonomy’ (Soil Survey Staff, 2010), de ‘World Resource Base’ (IUSS Working 
Group WRB, 2014) en het Maleisische Classification System (Paramananthan, 2010a) 
toegepast om hun betrouwbaarheid te evalueren wat betreft het in kaart brengen, classificeren 
en karakteriseren van tropische veengebieden.  Met behulp van deze bevindingen en de 
verbeteringen die zijn aangebracht in de classificatie van tropische veengebieden, wordt een 
evaluatie van de impact van de inherente fysische bodemeigenschappen van tropisch laagveen 
op de oliepalmopbrengst en op de kosten in de opstartfase uitgevoerd.  Andere niet-
economische vraagstukken, zoals sociale en milieueffecten worden ook onderzocht om een 
holistische kijk te bieden op de ontwikkeling van veengebieden. 
Dit onderzoek vertrekt vanuit een uitgebreide literatuurstudie die de aard, de omvang 
en de ontstaansgeschiedenis van tropische veengebieden samenvat; behandelt de 
bodemclassificatie en  de analyse van oliepalmteelt op veengronden.  Deze literatuurstudie 
werd aangevuld met een kosten/baten studie van oliepalmteelt in veengebieden.  De 
economische aspecten van oliepalmteelt op veengronden worden bestudeerd, met name de 
invloed van fysische bodemeigenschappen op de opbrengsten en kosten.  Dit werd gedaan door 
het analyseren van beschikbare gegevens afkomstig van l veengebieden in Sarawak beplant  
met oliepalm..  Een oppervlakte van ongeveer 11.970 ha met volwassen oliepalm werd 
geselecteerd.  Een semi-gedetailleerd bodemonderzoek met een resolutie van 1 
waarnemingspunt per 20 ha werd uitgevoerd met een systeem van vrije verplaatsing doorheen 
het hele  studiegebied.  Bij ieder waarnemingspunt werd de bodem bemonsterd met behulp van 
een Maculay turfboor en een Jerret grondboor tot een diepte van 125 cm of tot op de 
onderliggende minerale ondergrond.  Bodems werden beschreven, geïdentificeerd en 
geclassificeerd met behulp van ‘Malaysian Soil Taxonomy’ (Revised Second Edition) en ‘Keys 
to Identification of Malaysian Soils’.  Deze classificatie werd ook vergeleken met de ‘USDA 
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Soil Taxonomy’ (Soil Survey Staff, 2010) en de ‘World Reference Base for Soil Resources’ 
(IUSS Workgroup WRB, 2014). 
Op basis van de semi-gedetailleerde bodemkaarten, werden zowel chemische als 
fysische bodemeigenschappen onderzocht. Vier types veenbodems en één minerale bodem 
(zandige Podzol) werden geselecteerd op basis van hun fysische eigenschappen. Percelen van 
60-110 ha geselecteerd in een compleet willekeurig ontwerp, met verschillende 
bodemeigenschappen (zoals de aanwezigheid van hout, de textuur van het onderliggende 
substraat, en de ontwikkelingsgraad van het veen).  De opbrengst en de ontwikkelingskost 
(Cost of Development, COD) werd opgemeten en statistisch geanalyseerd.  Om fouten te 
minimaliseren, werden velden met palmen van dezelfde leeftijd, vergelijkbaar plantgoed en 
plantdichtheden geselecteerd.  Met de informatie over de morfologische en fysische 
bodemeigenschappen, werden feitelijke COD gegevens verzameld en statistisch geanalyseerd 
met behulp van variantie-analyse (one-way ANOVA). 
Resultaten tonen dat het Maleisische classificatiesysteem beter in staat is tropische 
veengronden in kaart te brengen en de geselecteerde bodemprofielen te classificeren dan 
‘USDA Soil Taxonomy’ en ‘WRB for Soil Resources’.  De aanwezigheid van hout, de mate 
waarin het hout verteerd is, de aard van het onderliggende minerale substraat, en de 
ontwikkelingsgraad van het veen wordt in het Maleisische bodemclassificatiesysteem gebruikt 
voor de classificatie tot op het niveau van de  bodemserie en de bodemfase.  De huidige 
internationale classificatiesystemen kunnen worden verbeterd door het overnemen van een 
aantal van de criteria van het Maleisische bodemclassificatiesysteem.  Dergelijke wijzigingen 
zullen bijdragen tot de toepasbaarheid van beide systemen in tropische veengebieden, die 8% 
van het wereldwijde veengebied beslaan.  Dit zal helpen bij de selectie van  geschikte gebieden 
voor verdere ontwikkeling  en gebieden die verder beschermd  dienen te worden. 
xxi 
Momenteel suggereren de meeste studies dat alleen de diepte van het veen en de 
draineerbaarheid de groeikracht van palmen bepalen.  Het Maleisische 
bodemclassificatiesysteem wordt gebruikt om te verifiëren of de fysische eigenschappen van 
de bodem, zoals de ontwikkelingsgraad van het veen, de aanwezigheid van hout, de diepte en 
de aard van het onderliggende substraat een impact hebben op de oliepalmopbrengst.  De studie 
toont aan dat de ontwikkelingsgraad van het veen (sapric, hemic, of fibric) de grootste invloed 
heeft op de gewasopbrengst, die varieert van  9,47 tot 22,92 t/ha, vanwege het verschil in de 
fysische bodemeigenschappen.  De opbrengst op sapric venen schommelde tussen 19,48 en 
22,92 t/ha, terwijl deze op hemic venen varieerde tussen 9.47 en 13.37 t/ha.  Sapric venen zijn 
meer verteerd, wat zorgt voor een goed groeimedium, en hebben een hogere 
nutriëntretentiecapaciteit in vergelijking met hemic venen die poreuzer zijn.  Palmen geplant 
op venen met een zandige ondergrond toonden een significant hogere opbrengst (68%) in 
vergelijking met deze met mariene klei als onderliggend substraat.  De hoge variatie in de 
resultaten zou het gevolg kunnen zijn van de variabele grondwaterstanden.  Een ondergrond 
van klei zal een goede drainage belemmeren, en resulterende overstromingen zullen 
oogstwerkzaamheden beïnvloeden tijdens het moessonseizoen.  Hoge grondwaterstanden 
belemmeren de opname van voedingsstoffen en zo de groei van de palm.  De dikte van het 
veen en de aanwezigheid van hout had geen significante invloed op de opbrengst  Hemic 
materiaal met onverteerd hout heeft echter meerdere nadelen, zoals een slechte wortelgroei, 
verminderde groeikracht, hoge porositeit, en beperkte retentie van voedingsstoffen.  In 
tegenstelling tot de algemene opvatting dat minerale bodems altijd beter zijn dan veengronden, 
presteren de onderzochte zandgronden binnen veengebieden slechter dan ten minste twee 
soorten veengronden, hetgeen voornamelijk toe te schrijven is aan de aanwezigheid van een 
spodic bodemhorizont die een invloed heeft op de drainage en de wortelproliferatie.  
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Zandgronden hebben daarnaast ook een beperkte retentie van vocht en voedingsstoffen, 
hetgeen een negatieve weerslag heeft op de palmolieproductie. 
De eigenschappen van het veen hebben een significant effect op de 
ontwikkelingskosten voor oliepalm.  De ontwikkelingskosten in Naman op sapric veen zonder 
hout, waren respectievelijk 8,7; 28,3 en 53,9% lager in vergelijking met Bayas (hemic veen 
met verteerd hout), Suai (sapric veen met onverteerd hout), en Gedong (hemic veen met 
onverteerd hout).  De studie toont aan dat de dikte van het veen, het al of niet aanwezig zijn 
van hout en de graad van vertering van het hout een significante invloed hebben op de 
ontwikkelingskosten voor oliepalm in vergelijking met andere veenkenmerken. De aard van de 
onderliggende minerale ondergrond in veengronden bleek ook een significante invloed (p 
<0,05) op de COD te hebben.  De studie bevestigt voorts dat de COD op minerale zandgrond 
(Spodosol) 7,2% lager is vergeleken met veengrond, zoals in Naman.  Dit is voornamelijk toe 
te schrijven  aan het feit dat de slechte groei van de natuurlijke vegetatie op zandgronden 
resulteert in lagere kosten voor het vellen en ruimen.  Wegenbouw en de aanleg van paden voor 
de oogstmachines is veel goedkoper op zandgronden dan op veengronden, aangezien het zand 
voor de fundering beschikbaar is.  Op veengronden moet materiaal voor wegenbouw vanuit 
andere bronlocaties worden aangevoerd of opgegraven van onder de veenlaag (minerale 
ondergrond).  Ziekten en plagen komen op veengronden vaker voor dan in zandgronden, 
aangezien het hout dat in de veengronden aanwezig is termietenactiviteit aantrekt. 
De belangrijkste bevindingen van dit onderzoek verschaffen inzicht in de vraag of 
veengronden moeten worden ontwikkeld of geconserveerd, door het verstrekken van richtlijnen 
voor toekomstige ruimtelijke ordening en het duurzaam gebruik van veengebieden.  Het 
Maleisische bodemclassificatiesysteem kan gebruikt worden om bestaande en resterende 
veengebieden in kaart te brengen en te classificeren, om zo de gebieden aan te duiden die het 
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meest geschikt zijn voor oliepalmteelt, alsook de gebieden die beter worden geconserveerd.  
Veengebieden met specifieke fysieke bodemeigenschappen, die zouden resulteren in  slechte 
opbrengsten en een hoge ontwikkelingskost meebrengen, worden beter niet ontwikkeld voor 
de oliepalmteelt.  Een holistische visie die sociale en ecologische factoren in overweging 
neemt, samen met de economische aspecten, zal ervoor zorgen dat strengere criteria worden 
gebruikt voor de selectie van veengebieden  geschikt  voor oliepalmteelt. 
Toekomstig onderzoek moet zich richten op het in kaart brengen van de resterende 
veengebieden in Sarawak om aan te geven welke gebieden geschikt zijn voor de  oliepalmteelt, 
en welke voor natuurbehoud.  Dit zal ervoor zorgen dat alleen selectieve ontwikkeling van 
geschikte gebieden wordt uitgevoerd.  Aangezien de invloed van het bodemtype op de 
opbrengst in deze studie slechts gemeten is tijdens de eerste 11 jaar van de oogst, wordt 
aanbevolen de opbrengst over de volledige levenscyclus van de planten op te volgen.  Een 
verdere onderverdeling in de veensoorten wordt aanbevolen om het huidige onderzoek te 
valideren en te verbeteren.  Een gevoeligheidsanalyse aan de hand van de diverse 
productiekosten tijdens de looptijd en de prijzen van palmproducten in relatie tot diverse 
opbrengst en COD niveaus, zou een volledige economische analyse opleveren, inclusief de 
opbrengst op de investering en de terugverdientijd.  Toekomstig onderzoek moet ook bijdragen 
tot een nog betere kennis van  veengebieden, vooral met aandacht voor  de uitstoot van 
broeikasgassen, koolstofvoorraden, bodemverzinking, biodiversiteit, en sociaal-economische 
kwesties. 
 
 
 Chapter 1 
General introduction 
1.1.  Introduction 
Organic soils or peat soils technically classified as Histosols and whether to develop or 
conserve peatlands are currently a hotly debated group of soils.  Part of this problem is caused 
by a variety of definitions used to define what is called a peat soil.  This lack of a standard 
unified definition of organic soils has caused a lot of confusion and misrepresentation of 
scientific data on this group of soils.  This has made the interpretation of data confusing to say 
the least.  This confusion is partly caused by inherent differences in the genesis and the material 
making up the organic soils.  Thus temperate and boreal peats are distinctly different from 
tropical peats but many researchers still apply the definitions, and classifications used for 
temperate peats to map and classify tropical peats.   
Few studies have attempted to classify tropical peats (Andriesse, 1988; Yonabayashi et 
al., 1992).  International classification schemes and mapping legends such as Keys to Soil 
Taxonomy – Eleventh Edition (Soil Survey Staff, 2010), Food and Agricultural Organisation 
(FAO, 2006) – World Reference Base for Soil Resources (WRB) and its recent update (IUSS 
Working Group WRB, 2014) fail to adequately describe and address the important differences 
in tropical peats as compared to temperate peats.  This is especially in relation to the presence 
of wood, degree of decomposition and the differences in underlying mineral substratum. 
Despite major differences in ecological regime, structure, texture and composition 
among and between tropical peat deposits and their temperate counterparts, the classifications 
of peat developed in temperate regions are commonly used for classification of tropical peat 
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deposits. Wüst et al. (2003) explained that existing classification systems used for temperate 
and boreal peat deposits in temperate regions fail to fully characterise tropical peats. This is 
due to the fact that temperate and boreal peats are often dominated by and developed over 
bryophytes and shrub vegetation whereas tropical peatlands in contrast have various tree 
species with root penetration to several meters.  Wüst et al. (2003) further highlighted the need 
for a new classification system for tropical peat as most current classification systems had failed 
to describe tropical peats. In order to fill the knowledge gap on tropical peat, Paramananthan 
(2010a) proposed the criteria to be used at the different categoric levels in the Malaysian Soil 
Taxonomy – Revised Second Edition. 
The main aim of the thesis is to examine the advantages of the Malaysian classification 
system using oil palm as an example and providing guidelines on how to better select suitable 
peatlands for oil palm, by using the improved Malaysian classification system.  The Malaysian 
system (Paramananthan, 2010a) has been developed based on the mapping of almost one 
million hectares of tropical peatlands in Malaysia and Indonesia.  The study then uses the soil 
properties used in the Malaysian system to see how the various soil characteristics used in the 
classification affect yield, development costs and economics of oil palm planted on tropical 
peats.  Oil palm was chosen as this is a crop which is commonly grown on tropical lowland 
peatlands.  It is likely that these soil properties used in the Malaysian system will also affect 
the emission of greenhouse gases (GHGs).  This will be a topic which needs more research.  
1.2.  Importance of tropical peatlands and current issues 
In the United States Department of Agriculture’s Soil Taxonomy (Soil Survey Staff, 1975, 
2010), a soil can be classified as a Histosol or organic soil if the cumulative thickness is 40 cm 
(if sapric, hemic or fibric organic soil materials) or 60 cm or more if the material has a low 
(<0.1 g cm-3) bulk density (sphagnum materials).  Such soils must also cover at least one hectare 
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and they must be acidic (Driessen, 1977; Wösten and Ritzema, 2001).  Peatlands have their 
greatest extent in the boreal and temperate zones where the cool temperatures slow down the 
decomposition of organic matter.  Tropical peatlands are located close to the Equator in 
Southeast Asia, Africa, the Caribbean and Central and South America.  At these locations, 
tropical peatlands occurs in the waterlogged lowlands where high watertable slows down the 
decomposition of the organic soil material.  In the highlands of the tropics, organic soils can 
also occur on steep terrain where low temperatures prevail or in localized high altitude swamps. 
The most extensive tropical peatlands occur in Southeast Asia and represents 77% of 
the global tropical peat carbon store (Page et al., 2011).  A large portion of the tropical 
peatlands occur in Indonesia (about 65%) and Malaysia (about 10%) (Hooijer et al., 2010).  
Tropical lowland peats in Southeast Asia are located mostly at low altitude, coastal and 
subcoastal environments and in backswamps of the major rivers.  Lowland peats in Southeast 
Asia occur mostly along the coast of East Sumatera, West Kalimantan, West Papua (Indonesia), 
Papua New Guinea (PNG), Brunei, Peninsular Malaysia, Sabah, Sarawak, Southeast Thailand 
and the Philippines. 
Most Non-Government Organisations and environmental groups consider that most of 
these tropical peatlands should be conserved.  This is mainly due to the large amounts of carbon 
stored in these organic soils.  Thus the agricultural use of peatlands is commonly viewed with 
great concern.  Hooijer et al. (2012) consider that conversion of tropical  peatlands to 
agriculture leads to a release of carbon from previously stable long term storage, resulting in 
land subsidence which reflects loss of carbon by decomposition averaging around 100 t CO2 
eq. ha-1 yr-1 over 25 years. 
Pons and Driessen (1975) summarised the findings and opinions of most research 
workers in Southeast Asia.  They stated that the poor chemical and physical properties of 
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oligotropic lowland peat soils in Southeast Asia indicate a very low suitability for any 
agricultural use.  On the other hand, in many parts of the world, peat soils were more highly 
rated than mineral soils as a good medium for vegetable growing.  As early as the 1960s, this 
contradiction of peatlands for agricultural use was highlighted (Stephens, 1969).  It was 
realized that peat after draining, becomes an excellent soil for agriculture if properly fertilised 
and becomes an excellent medium for plant growth.  Maas et al. (1986) introduced an 
assessment system of capability classes for organic soils based on limitations to crop suitability 
as used in Sarawak.  Soil limitations based on the fertility of the organic layer, depth to 
sulphidic layer and the ground watertable, degree of decomposition, inundation hazards, nature 
of the mineral subsoil, depth of the organic layer and the salinity of the groundwater were 
considered in this assessment. 
Development and use of tropical peat soils for oil palm cultivation in Indonesia and 
Malaysia, particularly in the State of Sarawak will remain a controversial issue. While 
environmentalists and most Non-Governmental Organisations (NGOs) support peat 
conservation, palm oil entrepreneurs and the governments perceive development on peat as a 
new business opportunity and a tool to eradicate rural poverty. Limited suitable areas for oil 
palm cultivation in a country like Malaysia has forced oil palm investors to continue to look 
into some marginal lands for investment in oil palm. The State of Sarawak in Malaysia, 
registered an increase in the total planted oil palm area from 14,091 ha in 1975 to 839,748 ha 
in 2009 (Department of Statistics, Malaysia, 2011).  Sarawak state is planning to achieve more 
than one million hectares of oil palm cultivation with the expansion, mainly on peatlands. 
Developing oil palm on peatlands affect local indigenous community in terms of land 
rights as most development projects are carried out by large plantation groups. Loss of income 
from forest products as a result of oil palm cultivation on peatlands can also occur.  It is also 
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important to point out that the people living in and around peat swamps live well below the 
poverty line.  Malaysia reports an overall Incidence of Poverty (IOP) at 3.8% and the disparity 
between the three regions, i.e. Peninsular Malaysia, Sabah and Sarawak, is still alarming. The 
IOP in Sarawak where most peatlands are located is 5.3% as compared to Peninsular Malaysia 
reporting an IOP of 2%. The government feels duty bound to uplift the living conditions of the 
peatland communities. Oil palm cultivation easily does this by raising their income through 
employment opportunities and providing these people with other amenities such as schools, 
clinics etc.  A conservative oil palm yield at 20 Mt ha-1 yr-1 of fresh fruit bunch (FFB) with an 
oil extraction rate of 20% will result in a high oil yield of 4 Mt ha-1 yr-1  which is far superior 
to other vegetable oils such as rapeseed, sunflower, soya bean etc. 
Malaysian oil palm investors feel that the cultivation of oil palm on peat with good 
management practices is more feasible than venturing into oil palm cultivation in land overseas 
e.g. Africa or Indonesia which comes with a heavy package of investment risk.  Investors are 
thriving to make the best use of the available peatlands in Sarawak and some have reported 
economic success.  However, strong resistance from environmentalists and protests by NGOs 
are common. 
Among others, oil palm cultivation on peat was blamed for being responsible for the 
loss of natural resources including valuable timber species, flora and fauna and a general 
decline in biodiversity.  Peatlands development is also blamed for deforestation and loss of 
pristine forest, Ecologists also regard peatlands as having a unique eco-system, a true carbon 
sink with sequestering properties which are disrupted and disturbed once drainage is carried 
out prior to oil palm cultivation. The Roundtable of Sustainable Palm Oil (RSPO) does not 
encourage the cultivation of oil palm on peat.  It is claimed that the increasing use of peatlands 
for agriculture has often resulted in an increase in incidences of fires and Greenhouse Gas 
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(GHG) emissions.  There is therefore a need for more scientific studies to develop appropriate 
methods for their sustainable management (Silvius and Giessen, 1996).  Shier (1985) raised the 
issue of lack of studies on tropical peat resources as compared to studies of peat resources in 
temperate zones, which have been well surveyed, classified and quantified.  Page et al. (2007) 
have reported that in the twenty year period since that alert, the level of investigation and 
documentation of this important resource has not made significant progress. The main problem 
of tropical peat today is the decision of whether it should be developed or conserved. Criteria 
for land use especially when oil palm is cultivated on peatlands is critical and should be 
addressed. 
1.3.  Economics of oil palm cultivation on peatland 
From a land use economic perspective, Paramananthan (2008) highlighted that land selection 
plays a very important role in maximising oil palm yields apart from planting material, 
technical and administrative management, harvesting and environmental management. 
Existing vegetation is expected to influence the biophysical and chemical characteristics of the 
peat.  These play a significant role in the method of land development, water management and 
soil fertility which is expected to affect the cost of oil palm development to maturity.  Tie and 
Lulie (1999) defined long term drainability classes for oil palm planted on peat into 4 categories 
i.e. good, moderate, poor and very poor.  A good drainability class refers to gravity drainage 
that is possible most of the time even during high tide.  Moderate class refers to the possibility 
of gravity drainage at least 50% of the tidal cycle.  Poor drainability refers to gravity drainage 
only possible during less than 50% of the tidal cycle and very poor drainage class refers to 
gravity drainage not possible even during low tide and pumping is required.  Where drainage 
from peat areas to nearby rivers is good then this is a good dranability class.  This determines 
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the economic lifespan of the peat for cultivation and determines the number of oil palm 
cultivation cycles before the planted areas are subsided, flooded and water pumping is required.   
To offset high initial development costs on peat, it is important to achieve high early 
yields.  Planted at 160 palms ha-1 and with good agro-management practices, fresh fruit bunch 
(FFB) yields in excess of 15 Mt ha-1 were reported in the first year of harvesting (Tayeb, 2005; 
Xaviar et al., 2004).  The second cycle of oil palm planting on peat will cost less as basic 
infrastructure of roads and drains can be reused. Yields of second generation oil palm on deep 
peat are also expected to be higher (Xaviar et al., 2004).  The initial development cost on logged 
over jungle is quite subjective depending on the location and work specifications required 
especially the intensity of roads, drains, bunds, water control structures and other requirements 
(Melling et al., 2008). 
The effect of planting density on oil palm yields on shallow and deep peat were 
highlighted by Tayeb (2005).  Financial analysis on the performance of oil palms planted on 
deep peat (>3 m) at different planting densities (20 years life cycle) as carried out by Tayeb 
(2005) showed that a higher IRR (Investment Rate of Returns), NPV (Net Present Value) and 
BCR (Benefit Cost Ratio) can be achieved through high density plantings.  Tayeb (2005) gave 
a general account of capital expenditure, initial development cost, cost to maturity and cost of 
upkeep of mature areas but did not indicate the detail characteristics of peat.  Past studies on 
economics related to oil palm yield on peat focus on depth of peat, drainability and generalise 
peat soil without taking into consideration the inherent physical characteristics of the peat.  
The other issue which needs to be emphasised here is that in the past, the performance 
of oil palm on peat was normally evaluated using mainly the depth of peat.  The Indonesian 
Presidential decree No. 80/1999 for example established conservation zones on peats deeper 
than 3 m (Mardiati, 2013).  Consequently, this decree was used as a guideline for sustainable 
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development of oil palm on peat by confining peatlands development to areas with depth of 
less than 3 m.  The motivation for this decree is conservation to prevent abuse and 
indiscriminate opening of land for agricultural cultivation.  However, it is often argued that 
there is no scientific evidence to prove that depth has any direct correlation with oil palm 
performance and yield.  Experience has shown that shallow peats with large amounts of woody 
materials can also result in poor oil palm yields.  Thus, the economics of peat cultivation in 
terms of yield have not been really explored taking into consideration the complexities of the 
soil and other physical characteristics (e.g. presence of wood, whether wood is decomposed or 
undecomposed, peat maturity, etc.) apart from depth, to explain differing yielding potentials.  
It is therefore timely that an objective study is carried out to fill this vacuum of our knowledge.  
This will be addressed in this thesis. 
From a cost of development (COD) perspective, past studies show that cost of 
development and bringing oil palm into maturity on peat is much higher than that of mineral 
soil.  Sargeant (2001) using data from Indonesia showed that the cost of bringing oil palm into 
production (till end of third year of planting) on peat was 54% higher than mineral soil areas. 
However, past studies on cost of development for peatlands was again based on peat in general 
and did not specify the type of peat studied.  We need to take into consideration the 
complexities of the soil and other characteristics such as nature of peat (sapric, hemic or fibric) 
presence of wood, whether wood is decomposed or undecomposed and the nature of the 
underlying substratum. Do these characteristics of the peat influence its COD?  Therefore, a 
more detailed study on yield and performance and cost of development taking the inherent 
characteristics of peat and peatlands is timely.  
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1.4.  Scope of the study 
The main objective of this research is to provide a guideline on land selection, use and future 
wise use of peatlands by using the inherent physical characteristics of tropical peats in Sarawak, 
Malaysia.  The study hypothesizes that physical peat characteristics have an important impact 
on the economics of oil palm cultivation from a perspective of yield and cost of development 
to maturity.  Chemical characteristics can be corrected relatively easily by applying the correct 
dosage of fertilizers annually.  Inherent physical characteristics are difficult or costly to correct.  
The specific objectives of this study are to: 
i. review the nature and extent of tropical peatlands in Southeast Asia, and in particular 
Sarawak, Malaysia (Chapter 2); 
ii. compare the past and current classification systems and mapping legends and review 
historical development of organic soils classification in Malaysia with emphasis on 
Sarawak (Chapter 3); 
iii. assess the current land use of oil palm on peatlands in Malaysia and in particular 
Sarawak (Chapter 4); 
iv. assess and compare the various organic soils classification systems and mapping 
legends used such as the USDA Soil Taxonomy (Soil Survey Staff, 2010), World 
Resource Base (FAO, 2006) and its recent update (IUSS Working Group, WRB 2014). 
and the Malaysian Peat Classification System (Paramananthan, 2010a) to evaluate their 
credibility in mapping, classifying and characterising tropical peatlands.  The results of 
such a study will add value in the enhancement of land use criteria for tropical peatland 
(Chapter 5); 
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v. evaluate the impact of inherent physical soil properties of tropical lowland peats in 
Sarawak on oil palm economics in relation to oil palm yield (Chapter 6); and 
vi. evaluate the impact of physical soil properties of tropical lowland peats in Sarawak on 
oil palm economics in relation to oil palm cost of development to maturity (Chapter 7). 
1.5.  Description of the study area 
This study covered a number of estates (with an area of approximately 11,970 ha) in Sibu 
Division, Sarawak, Malaysia (Figs. 1.1 and 1.2). These estates (are part of the Retus Complex 
as shown in Fig. 1.3) and were mainly planted with oil palm of different ages. The land belongs 
to the state government and leased to a private company for 65 years. 
1.5.1.  Topography 
The whole of the Retus (Sibu) Complex study area consists mostly of level (0-4% or 0-2°) land.  
The elevation in the area is mostly less than 5 metres (15 feet a.s.l.).  The organic deposits are 
believed to form a dome.  A topographic map of the Retus (Sibu) Complex Estates is given in 
Fig. 1.4.  The slope classes used in Malaysia are given in Table 1.1. 
1.5.2.  Hydrology and drainage 
The study site is located within the Retus river catchment which is a tributary of the Igan river.  
The Igan river forms the major river draining the flat coastal region of central Sibu.  The river 
links with the main Rejang river near Sibu town and meanders northward to South China Sea 
for a total distance of 110 km.  Retus river catchment including its tributaries of Pasai and 
Siong rivers drains most of the surrounding areas extending up to 65,200 hectares. 
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Fig. 1.1.  Map showing location of Sarawak state in Malaysia (Source:  Survey Department, Malaysia, Kuala Lumpur).  
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Fig. 1.2.  Map showing location of study sites (Retus Complex) in Sarawak (Source:  Survey Department, Malaysia, Kuala Lumpur). 
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Fig. 1.3.  Layout plan of Retus (Sibu) Complex Estate. 
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Fig. 1.4.  Topographic map of Retus (Sibu) Complex Estates (Source:  Survey Department, Malaysia, 
Kuala Lumpur). 
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Table 1.1.  Slope classes used in Malaysia. 
Slope Class 
Description Map Symbol 
(%) (°) 
0–4 0–2 Level 1 
4–12 2–6 Undulating 2 
12–24 6–12 Rolling 3 
24–38 12–20 Hilly 4 
38–50 20–25 Somewhat steep 5 
50–60 25–30 Steep 6 
60+ 30+ Very steep 7 
Source:  Paramananthan, 1997 
 
Low lying areas which were exposed to flooding were mainly around Retus river (Sg. 
Retus) which branches into Siong and Pasai rivers (Sg. Siong and Sg. Pasai).  Both of these 
rivers are tributaries of Igan river (Batang Igan) which drains most of the site. 
1.5.3.  Geology 
The geology of the Retus (Sibu) Complex study area has been mapped by staff of the Jabatan 
Mineral dan Geosains and only two types [sedimentary rocks of the Metah Formation (P3Mt) 
and Quaternary deposits] occur in the study area.  A modified geological map of the area is 
given in Fig. 1.5 (modified from Geological Map of Sarawak, 1992).  The two main groups of 
parent materials are: 
• Organic deposits (Qao) (modified from Qa) 
 – Organic deposits consist of peat overlying sands and clays of riverine and marine 
origin (Holocene) 
• Metah Formation (P3Mt) 
 – Massive sandstone interbedded with shale and siltstone (Eocene). 
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Fig. 1.5.  Geology map showing area with organic deposit and Metah Formation (Source:  Geological 
Map of Sarawak, Second Edition, 1992). 
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1.5.4.  Vegetation 
Almost the whole of the Retus (Sibu) Complex is under oil palms today.  The original 
vegetation map of part of the area before the area was logged and cleared for oil palm as 
prepared by the Forestry Department, Sarawak (Fig. 1.6).  On this vegetation map part of the 
Retus Complex consists of two major vegetation types on peat soils – Mixed Peat Swamp 
Forest (MPSf) and Padang Alan forest (PAf) (Table 1.2).  There was also small patches of 
mixed dipterocarp forest on mineral soil areas. 
 
Fig. 1.6.  Vegetation map of Retus (Sibu) Complex Estates (Source:  Forestry Department, Sarawak, 
Malaysia, Kuching, Sarawak, Malaysia.  Unpublished Records). 
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Table 1.2.  Land use and original vegetation of the Retus (Sibu) Complex. 
PC Map 
symbol 
Forest Type Main Forest Species Main Tree Species Other 
Characteristics 
Suitability and 
Management 
Implications 
Upper Storey Middle-Understorey 
1 MPSf Mixed Peat 
Swamp Forest 
Gonystylus-
Dactylocladus-
Neoscortechinia 
Association 
(Mixed Swamp 
Forest) 
Gonystylus bacanus 
(Ramin) 
Dactylocladus 
stenostachys 
(Jongkong), Shorea 
spp.,  
Copaifera palutris 
 
Neoscortechinia 
kingii 
Alangium havilandii 
Shallow to deep 
peat.  Poorly drained 
and often flooded.  
High watertable.  
High biodiversity 
and biomass. 
Suitable for oil palm 
when drained and 
water is controlled. 
4 PAf Padang Alan 
forest 
Shorea albida-Litsea-
Parastemon 
Association 
(Padang Alan forest) 
Shorea albida, 
Litsea crassifolia 
Parastemon spicatum Surface litter and 
smaller alan trees.  
Very low bulk 
density.  Watertable 
below surface in dry 
seasons. 
 
Need to destump and 
stack.  Compaction.  
Marginal for oil palm. 
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1.5.5.  Biological environment 
The biological environment addresses the variety and variability of living organisms and the 
biological communities in which they live and these were well reported in the Retus Complex 
EIA report (1997).  These include flora, fauna and other natural resources and habitats which 
constitute the biological environment setting.  The original vegetation map of the area shows 
that the study site had lowland mixed dipterocarp forest, peatswamp forest and Padang Alan 
forest (Fig. 1.6).  The lowland dipterocarps occurred at higher ground of Pasai and Siong river 
area, where elevation occasionally reaches up to 100 m a.s.l.  Before the development of oil 
palm plantations most of timber had been logged. Stumps and surface litter from the remnant 
forest patches including Shorea albida, Macaranga spp, and species of the families of 
Euphorbiaceae, Lauraceae and Myrtaceae can be still observed within the planted oil palm 
plantations.  Invertebrates includes grasshoppers, butterflies, fruit flies and dragon flies.  There 
are 35 longhouses (settlements of indigenous tribal community) and a Melanau (indigenous 
Sarawakian tribal community) village located within the vicinity of the Sibu as shown in Fig. 
1.7.  These communities often form the labour for the plantations.  Sometimes conflicts on land 
ownership claims also arise. 
Peat swamp forest which can be sub-divided into mixed peatswamp forest and Padang 
Alan forest comprised majority of the original vegetation in the study site and its surrounding.  
The common trees found in this type of forest are trees where canopies attaining the height of 
15m and dominated by Campnosperma coriacea, Dyrea polyphylla and Diospyros maingayi. 
Undergrowth normally consists of Pandanus sedges seedlings.  The middle storey consisting 
of trees up to 10 m normally irregular and denser and dominated by Glochidion spp, Gonystylus 
bancanus and shorea platycarpa.  The top canopy comprises of trees such as Melanorrhoea 
macrocarpa and Eugenia christmanii with a height of 25 to 40 m.  Some tall trees can still be 
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seen at site within the developed oil palm plantations.  Padang Alan forest had occurred in 
patches within the mixed swamp.  Padang Alan forest occurs when conditions in swamps area 
become drier and harsher.  This forest type is characterised by the dominance of Shorea Albida.  
This species reaching a height 40 m can still be found.  However, these larger trees are mainly 
trees with hollow trunks, left behind by loggers during previous logging operations. 
Evidence of remaining unlogged timber trees which are still standing, undecomposed 
stumps and buttress roots and undecomposed logs in between the oil palm inter-rows can be 
still observed within the oil palm plantations after eleven years of felling, clearing and land 
development. 
 
 
Fig. 1.7.  Map showing the settlement of surrounding community at the study site with number of 
longhouses indicated.  Source: Wetlands International (2010). 
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In terms of fauna in the study site, mammals, birds, reptiles and amphibians were 
reported.  A total of 30 species of mammals including fruit bats, wild boars, tree shrews, ant 
eaters and giant squirrel were recorded.  A total of 31 common species of birds such as swiflets, 
king fishers, owls and wood peckers, cuckoos, doves and pigeons were reported at the site.  As 
for amphibians, 5 species of amphibians including 5 species of frogs and 2 species of toad were 
observed.  Eleven species of reptiles including lizards, snakes, turtles and tortoises were 
reported at site.  A total of 24 species of 11 families of fresh water fish such as mable goby, cat 
fish and snake heads were also reported at the site. 
1.5.6.  Rainfall and raindays 
Climatological and hydrological studies are aimed at determining the intensity and distribution 
of precipitation and other related phenomena with respect to place and time.  The information 
thus obtained, coupled with information on soils, terrain etc. is required to determine what 
crops can be grown in the various locations and helps determine the management practice to 
be carried out.  Rainfall data was collected at two stations, Ladang Retus and Ladang Pelitanah 
2. 
The rainfall and raindays data for Ladang Retus for the Six-year period 2005-2010 
depending on the station are given in Table 1.3.  This data shows that the total annual rainfall 
for the period ranges from 2,805 mm to 3,937 mm with a mean of 3,307 mm.  An occasional 
dry month (<100 mm) occurs in this Estate.  The mean annual number of raindays ranges from 
181 days to 215 days.  The mean total raindays for the six years is 202 days. 
The rainfall and raindays data for Ladang Pelitanah 2 for the six-year period 2006-2011 
is given in Table 1.4.  This data shows that the total annual rainfall for the period ranges from 
a low of 2,458 mm to a high of 3,482 mm with a mean of 2,810 mm.  An occasional dry month 
(<100 mm) occurs in this estate.  The mean annual number of raindays ranges 184 to 214 days.   
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Table 1.3.  Total monthly rainfall (mm) and raindays for Ladang Retus, Sibu District, Sibu Division, Sarawak (2005-2010). 
Year 
 
Month 
2005 2006 2007 2008 2009 2010 
6-Year Mean 
(2005-2010) 
mm Days mm days mm days mm days mm Days mm days mm days 
Jan 394 15 385 20 346 25 233 19 673 24 464 17 426 20 
Feb 245 13 385 22 344 14 411 22 332 15 287 14 334 17 
Mac 170 11 215 13 191 16 558 27 237 22 166 14 256 17 
Apr 237 13 272 18 359 22 299 - 255 14 378 15 300 16 
May 173 11 268 23 104 11 240 10 218 11 288 12 215 13 
Jun 194 12 146 15 257 17 259 12 143 9 205 16 144 14 
Jul 184 15 124 10 395 20 306 16 231 11 346 22 264 16 
Aug 144 11 92 12 96 11 201 17 279 16 386 14 166 14 
Sept 215 14 234 15 291 16 236 13 176 10 260 19 235 15 
Oct 389 25 209 16 238 15 261 11 249 17 200 18 258 17 
Nov 216 22 326 23 303 24 363 20 289 19 260 19 293 21 
Dec 244 19 286 23 558 24 570 23 435 20 462 21 426 22 
Total: 2,805 181 2,942 210 3,482 215 3,937 190 3,517 188 3,702 201 3,307 202 
Red value e.g. 92 indicates dry month (<100 mm) 
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Table 1.4.  Total monthly rainfall (mm) and raindays for Ladang Pelitanah 2, Sibu District, Sibu Division, Sarawak (2006-2011). 
Year 
 
Month 
2006 2007 2008 2009 2010 2011 
6-Year Mean 
(2006-2011) 
mm days mm days mm days mm days mm Days mm days mm days 
Jan 414 20 572 29 258 15 646 28 373 21 250 24 419 23 
Feb 407 20 126 14 328 20 206 14 85 11 268 13 237 15 
Mac 215 10 205 17 493 23 276 18 240 16 401 21 305 17 
Apr 206 12 270 19 172 14 229 14 176 18 149 16 200 15 
May 388 22 127 14 111 9 126 14 280 18 92 13 187 15 
Jun 240 11 348 21 184 15 69 12 94 15 94 10 171 14 
Jul 65 11 366 15 179 19 104 13 294 19 63 11 178 15 
Aug 79 9 82 9 173 14 157 14 158 12 64 14 119 12 
Sept 212 14 298 16 71 13 139 12 140 17 225 15 181 14 
Oct 315 15 192 18 158 18 153 17 180 16 180 19 196 17 
Nov 242 16 243 18 209 21 212 20 187 21 230 19 220 19 
Dec 335 24 653 24 375 25 269 27 310 26 442 19 397 24 
Total: 3,118 184 3,482 214 2,711 206 2,586 203 2,517 210 2,458 194 2,810 200 
Red value e.g. 69 indicates dry month (<100 mm) 
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The mean total raindays for the five years is 200 days.  However, it is clear that the rainfall and 
the rainydays varies somewhat from year to year.  The relatively low rainfall data is sometimes 
due to an El-Nino effect. 
1.5.7.  Soils 
The initial approach to the soil survey was to study the existing information available for the 
area.  A reconnaissance soil map of the Sibu area has been published by the Department of 
Agriculture Sarawak at a scale of 1:100,000.  On this map the Retus (Sibu) Complex has been 
mapped as belonging to five soil associations namely Nyalau (Nyl), Buso (Bso), Bijat (Bjt) and 
Anderson (And-2, And-3) (Fig. 1.8 and Table 1.5). 
 
Table 1.5.  Legend for the reconnaissance soil map Retus (Sibu) complex estates (after Department of 
Agriculture, Sarawak-unpublished reports). 
Map 
Symbol 
Soil Family/ 
Association 
Description 
Nyl Nyalau Nyalau 
Deep (>100 cm) brownish yellow sandy loam.  Weak to 
moderate medium subangular blocky; friable.  Patchy clay skins.  
Well drained.  Soils developed over sedimentary rocks. 
Bso Buso Buso 
Shallow (<50 cm) dark brown to white sand overlying thick 
(>10 cm) strongly cemented hard pan (spodic) layer within 50 
cm depth.  Well to poorly drained.  Seasonally flooded.  Soils 
developed over sub-recent terrace alluvium. 
Bjt Bijat Bijat 
Deep (>100 cm) light gray clay.  Weak, medium to coarse 
angular blocky structured to massive; sticky.  No clay skins 
(cambic horizon).  Poorly drained.  Soils over recent riverine 
alluvium. 
And-2 Anderson 
(200-300 cm) 
Anderson 
Deep to very deep organic soil materials (sapric/hemic/fibric) 
overlying clay or sands.  Very poorly drained. And-3 Anderson 
(>300 cm) 
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Fig. 1.8.  Reconnaissance soil map of Retus (Sibu) Complex estates (Refer to Table 1.5) (Extracted 
from Records Soils Division, Dept. of Agriculture, Sarawak, Mimeo). 
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1.6.  Structure of the thesis 
The thesis is divided into two parts.  The first part deals mainly with literature review on nature 
and extent of tropical peatlands, organic soil classification and historical development of 
organic soil classification and the current status of oil palm cultivation in Malaysia and Sarawak 
in particular.  The second part of the thesis deals mainly with assessment and comparison of 
existing classification systems to classify tropical peats and the evaluation of the impact of 
physical properties of tropical peats on oil palm economics in terms of yield and cost of 
development.  This will be carried out using information through a semi detailed soil survey as 
shown in Appendix 1a.  Selected soil types were sampled and then analysed as per S.I.R.I.M. 
(Standard and Industrial Research Institute of Malaysia) specifications as shown in Appendix 
2.  Statistical analysis (ANOVA) was used to study the impact of physical characteristics  on 
oil palm yield and cost of development to maturity.  
In Chapter 1, the thesis firstly introduces the global issues related to peatland 
development and land use.  All past research related to peatland development, classification 
and oil palm economics on peat in relations to yield and cost of development is explored to 
understand the knowledge gaps in this area.  The main and the specific objectives of the 
research are emphasised in this section.  The methodology used in this research which includes 
literature review and details of study sites are highlighted.  
Chapter 2 provides a detailed information to enhance the understanding on the nature 
and extent of tropical peatlands in Southeast Asia, with special reference to Malaysia and 
Sarawak.  The chapter details the origin and definition of tropical peats and elaborates the 
extent of tropical peatlands and their distribution in Southeast Asia, Malaysia and Sarawak.  
The critical aspects involved in peat formation and development which includes topography 
and water regime, source and quality of water, geodynamics, time and rate of formation and 
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vegetation are discussed.  This is followed by tropical peat and peatlands features which cover 
physical, biological and chemical characteristics, peat thickness and depth.  The chapter also 
includes issues related to the horizontal and vertical morphology of the profiles in tropical 
peats. 
Classification and the history of organic soils classification in Malaysia including 
Sarawak is discussed in Chapter 3.  An understanding on peat classification and its historical 
development is important as the current international systems have failed to fully characterise 
and classify tropical peats.  There is a need to review both the international and local 
classification systems to find a suitable classification system to characterise tropical peats 
which are different when compared to temperate peats.  In Chapter 3, types and objectives of 
classification systems are reviewed in general.  The historical development and the current 
status of classification for organic soils in Malaysia and particularly in Sarawak are elaborated.  
The latest Malaysian classification system of Paramananthan (2010a) is also explained in this 
chapter as this will be used further in classifying tropical peat soils in Chapter 5. 
Chapter 4 provides a background of oil palm cultivation on peatlands as the whole thesis 
is focussed on evaluating oil palm economics on peatlands.  Understanding the land use of 
peatlands for oil palm is critical as following chapters (Chapter 6 and Chapter 7) in the thesis 
evaluate impact of peat characteristics on oil palm yield and COD to maturity.  In Chapter 4, 
the general land use of peatlands for oil palm cultivation in Sarawak is discussed in detail.  The 
benefits, challenges and weaknesses involved in cultivating oil palm on peatlands are discussed 
in this chapter.  Advantages in terms of global demand for vegetable oil and biofuel, land 
availability, rural development, poverty eradication and employment opportunities are 
highlighted.  The challenges and weaknesses in relation to GHG emission and climate change, 
global supply chain and marketing of sustainable products, economic feasibility, loss of 
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biodiversity, impact on peatland communities and current sustainability issues are also 
discussed.  Both the benefits and challenges of oil palm cultivation on peatlands are discussed 
in this chapter as these issues are further followed up in Chapters 6 and 7 to provide a more 
holistic view on peatland development  taking both the economic and non-economic factors in 
making decision on whether tropical peatlands should be developed or conserved. 
With the background of classification and history of organic soil classification in 
Malaysia as highlighted in Chapter 3, Chapter 5 explores the ability of Malaysian Peat Soil 
Classification System.  The system takes into account the presence and absence of wood,degree 
of wood decomposition, decomposed and undecomposed wood, nature of underlying 
substratum and peat maturity (fibric, hemic and sapric) to classify selected soil profiles 
appropriately as compared to USDA Soil Taxonomy,WRB 2006 and its update i.e. IUSS 
Working Group WRB 2014.  The advantages of the Malaysian Soil Classification System for 
mapping classifying and characterising tropical peat as compared with USDA Soil Taxonomy 
and IUSS Working Group WRB are highlighted in this chapter.  How both Soil Taxonomy and 
the WRB classification can possibly  be improved to also describe tropical peats by adopting 
some of the criteria of the Malaysian Soil Classification are discussed.  The results of the study 
on this chapter meet the main objective of the study where improvement in classification 
systems will be useful in the determination of land use for agriculture development or 
conservation as far as peatlands are concerned. 
In Chapter 6, the impact of soil type on yield is studied.  The Malaysian Peat Soil 
Classification System is also used to test hypothesis that physical soil properties such as peat 
maturity, presence and absence of wood, degree of wood decomposition, depth, nature of 
underlying substratum have an impact on oil palm yield.  The impact of the most significant 
effect of  physical soil properties on yield and their possible reasons are also discussed.  A 
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comparison is also made with a common mineral soil found within the study area to compare 
the impact of soil properties on oil palm yield.  The chapter also explores if peat depth is a 
significant factor in determining oil palm yield as shown in past studies.  
The impact of peat characteristics on COD to oil palm maturity is discussed in Chapter 
7.  The impact of different type of peat soils, its significance and effect on the cost of 
development for oil palm is studied in this chapter.  The relationship between soil properties 
(peat maturity, presence of wood, nature of the wood, depth and nature of underlying 
substratum) and their impact on oil palm COD is explored.  A comparison is also made with a 
common mineral soil found within the peat area to compare the impact of soil properties on oil 
palm COD.  The chapter also explores if peat depth is a significant factor in determining oil 
palm COD as shown in past studies.   
The last Chapter 8 emphasises on the key conclusions of this research and future 
research perspectives based on the conclusions of the study. 
 
 Chapter 2 
Nature and extent of peat soils in Southeast Asia, 
Malaysia and Sarawak 
 
2.1.  Origin of tropical peat 
Although peats and peatlands have been extensively used in Northern Asia and Europe for 
centuries especially for energy purposes, the existence of tropical peat was not generally known 
before the end of 19th century.  Unrecorded tropical peat reclamation in the coastal areas was 
undertaken by the Dutch in the seventeenth century north of Colombo, Sri Lanka (Andriesse, 
1988).  Koorders (quoted by Andriesse, 1988) published a description of extensive tropical 
peat forests in Indonesia, where it can be formed under a tropical climate and  covered 
considerable areas.  Temperate peatlands are derived from remains of low growing plants 
(Sphagnum spp, Graminae and Cyperaceae).  Tropical lowland peats are formed from forest 
species and tend to have large amount of undecomposed and partially decomposed logs 
branches and other plant remains.  Organic deposits often form peat domes and can attain an 
elevation of over 20 m thickness (Melling et al., 2006).  Tropical peats often consist mainly of 
organic substances with a high acidity (pH 3-4) and ash contents of less than 5%.   
2.2.  Definition of tropical peat 
Peat can be defined using  the material itself, generally indicated as peat and secondly by its 
physiographic or geomorphological setting (the landscape units).  Peats consequently have 
been given a wide variety of names, i.e. peatlands, peatswamps or Peat Swamp Area (PSA), 
organic soils and Histosols.  Generally one has to first define organic soil materials as against 
mineral soil materials.  Local Malaysian definitions such as that of Malaysian classification 
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system, categorises peat soil as material having a loss on ignition of more than 65% and having 
a minimum cumulative thickness of 50 cm of organic soil material (OSM) within the upper 
100 cm if the solum is more than 100 cm deep or OSM constitutes more than half of the solum 
(Paramananthan, 2010a).  Definition of peat also varies from soils that contains 100% organic 
material defined on the basis of a combination between percent organic matter (organic matter 
= organic carbon x 1.724) and thickness of organic horizons.  Andriesse (1988) defines organic 
soils as soils having more than 50% organic matter in the upper 80 cm.  For Rieley and Page 
(2005), organic soils are at least 50 cm thick and contain at least 65% organic matter, while 
Joosten and Clarke (2002) fix these thresholds at 30 cm thickness and 30% organic soil 
material.  
The variety of definitions on organic or peat soils exist complicates the understanding 
on the basic definition of these soils. 
2.3.  Peat extent and distribution 
The statistics on extent and distribution of temperate peats are said to be more reliable due to 
their historical importance as a source of energy.  However, for tropical peat there is a wide 
range of data available on the extent and distribution of tropical peatlands.  This is mainly due 
to the differences in the definitions of peat and peatlands which have been used to classify 
tropical organic soils.  Worldwide, peatlands cover an estimated 4.26 M km2 (Bord Na Mona, 
1984; Andriesse, 1988; Chimmer and Ewel, 2005; Chimner and Karberg, 2008).  This 
represents about 3% of the global land mass.  The largest proportions (Table 2.1) are 
concentrated in the temperate and boreal regions of North America (49%) and Eurasia (42%).  
Russia has the world’s largest contiguous peat bog, while Canada has the largest total area of 
peatland, estimated at 1.7 M km2 (Wheeler, 2003). 
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Compared with the areal importance of peat in temperate areas, especially in boreal 
regions, peatlands are much less extensive in tropical and sub-tropical environments.  Only 
0.36 M km2 peatlands or 8.5% of the global 4.26 M km2 occurs in the tropical areas.  These are 
mainly located in Southeast Asia in the areas surrounding the South China Sea and areas in 
Papua New Guinea that together concentrate 68% of the known tropical peats (Immirzi and 
Maltby, 1992).  The remaining tropical peat areas are concentrated in South America, Africa, 
Central America, Asia (mainland) as shown in Table 2.2. 
Table 2.1.  Worldwide distribution of peatlands. 
Continent Area (km2) % 
North America 2,096,400 49.19 
Eastern Europe 1,519,578 35.65 
Western Europe 259,862 6.1 
Asia 248,865 5.84 
South America 61,730 1.45 
Africa 48,565 1.14 
Central America 25,240 0.59 
The Pacific 1,650 0.04 
Global peatland 4,261,890 100 
Source: Data summarised from Bord Na Mona (1984) and Andriesse (1988) 
 
Table 2.2.  Extent of tropical and subtropical peatlands. 
Region Area (km2) Global (%) Tropical (%) 
Southeast Asia 202,600 4.65 56.6 
Caribbean 56,700 1.3 15.8 
Africa 48,600 1.11 13.6 
Amazonia 15,000 0.34 4.2 
South China 14,000 0.32 3.9 
Other regions 21,100 0.49 5.9 
Tropical and subtropical peatlands 358,000 8.21 100 
Source:  Andriesse (1988) 
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The extent of tropical peatlands is basically estimated and the estimates of tropical 
peatlands in Southeast Asia vary with the source.  Rieley et al. (1995) give the minimum and 
maximum extent of undisturbed peatlands in Southeast Asia (Table 2.3).  For comparison 
purposes the figures quoted by Tie (1990) are also given in Table 2.3.  The maximum and 
minimum peatlands area was provided by Page (2007) where Vietnam was also included in the 
estimates of tropical peats in Southeast Asia (Table 2.4).  Page et al. (2010) also provided the 
best estimates of peatlands in Southeast Asia with mean thickness and volume of peat in 
Southeast Asia (Table 2.5).  
Table 2.3.  Comparison of estimates of undisturbed peatlands in Southeast Asia. 
Country 
Rieley et al. (1995) (x million) Tie, 1990 
(x million ha) Minimum (Ha) Maximum (Ha) Per cent 
Brunei 
Indonesia 
Malaysia 
Papua New Guinea 
Philippines 
Thailand 
0.01 
17.00 
2.25 
0.50 
0.10 
0.07 
0.01 
27.00 
2.73 
2.89 
0.24 
0.07 
0.03 
82.00 
8.28 
8.76 
0.72 
0.21 
0.01 
26.20 
2.56 
0.5 
na 
0.8 
Total 19.93 32.94 100.00 30.07 
Source: Rieley et al. (1995) and Tie (1990) 
 
Table 2.4.  Maximum and minimum range of peatland areas in Southeast Asia. 
Region Minimum Area (x 100) ha Maximum Area (x 100) ha 
Brunei 100 1,000 
Indonesia 168,250 270,000 
Malaysia 22,500 27,300 
Papua New Guinea 5,000 28,942 
Philippines 60 2,400 
Thailand 394 680 
Vietnam 100 1,830 
Total Southeast Asia 196,404 332,152 
Source: Page et al., 2007 
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Table 2.5.  Best estimates of peat areas, mean thickness and volume of peat in tropical Southeast Asia. 
Country Peat area (ha) 
Average peat 
thickness (m) 
Volume (m3 x 106) 
Indonesia 20,695,000 5.5 1,138,225 
Brunei 90,900 7 6,363 
Malaysia 2,588,900 7 181,223 
Myanmar (Burma) 122,800 1.5 1,842 
Papua New Guinea 1,098,600 2.5 27,465 
Philippines 64,500 5.3 3,418.5 
Thailand 63,800 1 638 
Vietnam 53,300 0.5 266.5 
 Source:  Page et al., 2010 
 
Table 2.6.  The extent of peat soils in Peninsular Malaysia, Sarawak and Sabah. 
Region ha % 
Sarawak 1,697,847 69.08 
Peninsular Malaysia 642,918 26.16 
Sabah 116,965 4.76 
TOTAL: 2,457,730 100.00 
Source:  Wetlands International, 2010 
 
The extent of peatlands in Malaysia and its three main geographical regions (Peninsular 
Malaysia, Sabah and Sarawak) also varies with the source.  Wetlands International (2010) 
reported that peat soils encompasses 2,457,730 ha (7.45%) of Malaysia’s total land area 
(32,975,800 ha).  Sarawak supports the largest area of peat soils in Malaysia, i.e. 1,697,847 ha 
(69.08 % of the total peatlands area in Malaysia), followed by Peninsular Malaysia (642,918 
ha, 26.16%); then Sabah (116,965 ha, 4.76 %) as shown in Table 2.6.  Variations in the area 
and distribution of peat were also observed in Sarawak.  Most updated information on the extent 
and distribution of peat could not be obtained for Sarawak.  This is due to the changes which 
have taken place in the districts and the administrative divisions in Sarawak after 1999 and 
therefore there is little information available on peat areas with the new districts and divisions.   
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For the extent of peat soils, estimates from the agriculture capability maps produced in 
1986 can be adopted (Maas et al., 1986).  Wong’s (2003) estimate of the total area of peatlands 
in Sarawak is much lower than other estimates as shown in Table 2.7.  Wetlands International 
(2010) reported that Wong (2003) underestimated the area of peatlands which has been 
converted to other uses, but the estimate of total peat swamp forest was accurate.  Estimates on 
peat areas provided by Melling (1999) is so far the highest and this is inclusive of areas which 
have already been converted for other land uses.  The distribution and extent of peatlands in 
Southeast Asia and Malaysia is shown in Fig. 2.1 and Fig. 2.2, respectively. 
2.4.  Geomorphological evolution of Sarawak peat swamps 
Very little detailed studies have been carried out on the geomorphological evolution of the 
Sarawak peat swamps.  However it is clear that most of the major peat swamps which are 
formed on the deltas of the majors rivers such as the Rajang river (Sibu) and the Baram river 
(Miri) and were formed not only as backswamps of these rivers, but also were a result of the 
progradation of the coast in the Holocene. 
Table 2.7.  The extent of peat areas in Sarawak from various sources. 
Division 
Peatland area (ha) 
Melling et al. 
(1999) 
Peatland area (ha) 
Mutalib et al. 
(1991) 
Peat swamp area 
(ha) 
Wong (2003) 
Peat soil area (ha) 
Maas et al. 
(1986) 
Sibu/Mukah 502,466 540, 800 386,402 600,387 
Sri Aman/Betong 340,374 283, 076 237,536 340,374 
Miri 314,585 276, 579 240,233 295,995 
Samarahan 205,479 192, 775 168,170 165,581 
Sarikei 172,353 169, 900 158,194 74,414 
Bintulu 168,733 146,121 78,016 157,422 
Limbang 34,730 25, 300 17,183 34,730 
Kuching 26,827 23, 059 3,380 26,827 
Kapit 0 0 0 2,097 
Total: 1,765,457 1,657, 600 1,289,114 1,697,847 
Source: Wetlands International (2010) 
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Fig. 2.1.  Extent of organic soils in Southeast Asia (Source: Andriesse, 1988). 
 
 
Fig. 2.2.  Extent of organic soils in Malaysia (Source: Reconnaissance Soil Maps of Peninsular 
Malaysia, Sabah and Sarawak, Departments of Agriculture). 
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A detailed study of the Baram Delta has been carried out by Caline and Huong (1992).  
They have reconstructed the evolution of the Baram Delta, Miri and is reproduced from Fig. 
2.3 to Fig. 2.7.  Similar formation is also expected in most riverine peatlands in Sarawak 
including Sibu region. 
5,400 years B.P. (Fig. 2.3) 
“The mid-Holocene sea level rise led to the complete flooding of the Baram 
Delta.  Thus marine flooding, estuarine deposits formed in the inner bay, 
south of the Marudi “bottle-neck”.  These deposits consisted of mangrove 
clays and elongated sand bars developed in the active fluvial/tidal 
distributaries.” 
5,000 years B.P. (Fig. 2.4) 
“The gradual filling of the inner bay resulted in the first peat deposits.  Peat 
accumulation proceeds and the coastline progrades following the 
stabilization of the mudflats by sea-water tolerant mangrove vegetation.  The 
mangrove and fluvial/tidal channels belt progrades to the outer bay (north of 
the Marudi “bottle-neck”).” 
4,000 years B.P. (Fig. 2.5) 
“As the longshore currents reworked the Pleistocene sand patches, adjacent 
to the delta plain, a coastal barrier system gradually closed the outer bay 
where peat rapidly accumulated.  A coastal barrier island system forms the 
seaward edge of the delta plain and develops parallel to the structural flexure 
which extends from the Miri Hill axis to the northeast.” 
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Fig. 2.3.  Baram Delta 5,400 years B.P. (Source:  Caline and Houng, 1992). 
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Fig. 2.4.  Baram Delta 5,000 years B.P. (Source:  Caline and Houng, 1992). 
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Fig. 2.5.  Baram Delta 4,000 years B.P. (Source:  Caline and Houng, 1992). 
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Fig. 2.6.  Baram Delta 3,000 years B.P. (Source:  Caline and Houng, 1992). 
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Fig. 2.7.  Baram Delta 2,000 years B.P. (Source:  Caline and Houng, 1992). 
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3,000 years B.P. (Fig. 2.6) 
“The progradation of the lower deltaic plain was controlled by the constant 
sediment supply from the three main distributaries and from the reworking of 
the relic sand patches.  A mangrove belt grew in a series of lagoons limited 
by the inactive barrier and the newly formed barrier.” 
2,000 years B.P. (Fig. 2.7) 
“The river network evolved with a predominant, central distributary (Baram 
river) and two adjacent secondary distributaries (Miri and Belait rivers).  The 
abandonment of the meander belt, north of the Lambir Hills, was probably 
related to a moderate uplift/tilting of the area as indicated by the presence of 
an active fault.” 
Paramananthan and Wahid Omar (2010) made the following conclusions from this 
construction and evolution of the Baram Delta made by Caline and Huong (1992): 
• The coastline 5,400 B.P. was located at the foot of the Lambir-Pantu Buri-Belait Hills 
but also extends through the Tinjar River to the Loagan Bunut Area. 
• The subsequent progradation of the coastline resulted in a series of beach ridges and 
swales. 
• Sandy deposits were prominent in Rausau-Ensalai Shoal. 
• These beach ridges and swales were subsequently covered by peat deposits. 
• Sandy beach deposits which underlie the peat were more widespread in the northern 
part of the present day Lower Baram Delta. 
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• Due to the beach ridges and swales underlying the peat, sand and clay (ridge/swale) 
will be encountered depending on where the soil boring is made. 
It is expected that the evolution of the peat swamps in the Delta of the Rajang river near 
Sibu followed a similar geomorphological evolution. 
2.5.  Peat formation and development 
Peat is a formation resulting from an imbalance between accumulation and decomposition of 
organic materials (Zinck and Huber, 2011).  In areas where decomposition is slow there will 
be a surplus of organic material.  The speed of deposition will exceed the rate of decay.  The 
slow decomposition or decaying rate of organic materials can be a result of low biological 
activity as a consequence of adverse environmental factors such as excessive acidity or 
prolonged waterlogging causing anaerobic conditions.  Ludang et al. (2007) highlighted that 
fluctuations of groundwater level, controlled by rainfall and evapotranspiration have an 
important effect on peat formation, especially in forest swamps.  In the tropical highlands, low 
temperatures slow down the rate of biomass decomposition in contrast to what occurs in the 
warm-to-hot lowland areas. 
Basically there are three stages involved in the formation of peat swamps.  Firstly, water 
is retained in depressions from rainfall and nearby rivers.  Peat swamps develop on these sites 
where dead vegetation has become waterlogged and is accumulating as peat.  Water in peat 
swamps is generally high in humic substances (humus and humic acids) that gives a typically 
dark brown and black colour to the water.  A freshwater swamp forest is slowly developed and 
peat layers are formed after many years (Fig. 2.8). 
2.5.1.  Topography and water regime 
Topography is the key factor playing a role in the concentration of water and in situ retention.   
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Fig. 2.8.  Development of peat swamp forest at various stages  (Source:  UNDP, 2006) 
 
Concave basin shaped sites favour water accumulation especially when coupled with rock or 
soil substrata.  This feature occurs in a variety of landscapes including coastal tidal marshes, 
inland depresssional plains, undulating peneplains, karstic plateaus and volcanic reliefs.  
Waterlogging is the main factor controlling peat initiation because it allows growth of pioneer 
vegetation and the preservation of decay residues.  Water concentrates and stagnates in 
depressional sites where water outflow is less than water inflow and excess water remains in 
situ.  Source of water inflow is from runoff, groundwater and rainfall.  Water outflow includes 
water exiting through surface outlets, underground flow and evapotranspiration.  The presence 
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of free water over prolonged periods encourages establishment of specialised plants while 
water stagnation prevents dead vegetation from decomposition.  The activity of decomposing 
organisms is suppressed in waterlogged conditions (Lappalainen, 1996).  As a result of this, 
the initial peat formation takes place when vegetation debris accumulates as partly decomposed 
biomass. 
Andriesse (1988) termed the process of peat inception and Histosol formation as 
paludification.  As the initial peat mass continues growing the peat surface rises above water 
level retained in the pool causing secondary peat formation.  The top layers then tend to expand 
beyond the physical limits of the original depression and the peat mantle may encroach onto 
the surrounding slopes, leading to tertiary peat formation.  In this enlarged peat reservoir a 
perched water table forms that is fed only by rainwater resulting in the formation of 
ombrogenous peat.  In the tropics, lowland peat is always associated with waterlogged 
conditions where oxygen is deficient and the underlying substratum is poor in nutrients 
(Sieffermann et al., 1988). 
2.5.2.  Source and quality of water 
The type of vegetation and the characteristics of the developing peat depend strongly on the 
nature of water feeding the ecosystem.  There are three types of conditions, i.e. eutrophic, 
mesotrophic and oligotrophic.  Eutrophic conditions are characterised by neutral reactions (pH 
6-7) often due to the underlying limestone in some localities.  Under oligotrophic conditions 
there are less cations and no limestone and the pH is low or is very acidic.  Mesotrophic 
conditions are intermediate.  
Water in a peat ecosystem can be either eutrophic, mesotrophic or oligotrophic 
depending on its source.  A gradual change from eutrophic conditions in the beginning and 
changing into oligotrophic conditions in the final stages of peat swamp development is very 
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common.  The sources of water and the swamps related to them can be subdivided into three 
groups (Kulczynski quoted by Moore and Bellamy, 1974).  The rheophilous type is a swamp 
fed by cation rich surface and ground flow that collects water running on or permeating from 
the surrounding landscapes.  When the water source is mainly rainwater with some contribution 
of local surface runoff, the swamp type is called ombrophilous.  As the source of water is 
derived only from precipitation it is therefore very low in nutrients.  The water is acidified and 
lacks Ca, Mg and K and consequently the vegetation is very poor giving rise to  organic peat 
soils extremely low in nutrients.  Transitional peat swamps are fed both by lateral water seepage 
and rainwater and the peat is mesotrophic.  Peat formation systems which depend on the inflow 
of nutrient rich surface runoff and ground water from upland soils and surrounding landscapes 
are called topogenous (Andriesse, 1988). This evolution is documented in the Sarawak 
lowlands by Anderson (1964) and Andriesse (1974). 
The coastal peat basin is basically a “confined basin” with higher land consisting of 
levees on two edges, coastal ridges or coastal plain on the seaward side and hills on the 
landward side.  The typical peat dome occurs between two rivers.  The rivers possess natural 
levees in their floodplain stage and as the levees fall away from the rivers a thin strip of 
alluvium is left after flooding and this encourages the development of the peat swamp forest. 
This differentiates “topogenous” peat which receives inputs of nutrients from river water and 
“ombrogenous” peat which receives nutrients only from the rainfall.  The result of this is the 
dome shaped area of peat between two rivers as shown in Fig. 2.9. 
2.5.3.  Geodynamics 
Geomorphogenic processes contribute to creating conditions favourable or sometimes 
inhibiting peat formation.  Heavy rainfall, flooding, slope instability and the disruption of the 
drainage network are the common features that have an influence on peat formation (Zinck and 
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Huber, 2011).  The seasonal entry of sediments from torrential floods are trapped in coastal 
and inland depressions. This raises the floor of depressions and results in the outflow of excess 
water while the inflow of freshwater allows oxygenation of the organic residues at a rate higher 
than that of accumulation.  Thus this process inhibits peat formation when it operates 
repeatedly.  In contrast to the above process, peat accumulation is favoured when incoming 
mineral sediments block the drainage system by clogging the natural water outlets or creating 
barriers. 
2.5.4.  Time and rate of formation 
In the tropical areas, change in glacial induced aridity to a moister and warmer climate triggered 
peat formation at the beginning of the Holocene. Peat formation during Holocene has been 
neither continuous nor linear.  Climate change, landslips in sloping areas, disruption of river 
networks and changes in sedimentation are some of the factors influencing peat deposition and 
accumulation rate. Abundant rainfall and high temperature in most tropical areas stimulate 
biomass production, although high temperatures also accelerates oxygenation and 
decomposition of organic matter.  Anderson (1964) suggested that the rate of peat 
decomposition in Sarawak varies from 4.67 mm yr-1 to 2.2 mm yr-1. 
 
Fig. 2.9.  Formation of the peat dome in between two rivers (Source:  Wetlands International, 2010). 
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2.5.5.  Vegetation 
As peat is made of decaying plant residues, vegetation becomes a main formation factor. In the 
tropical lowland forest swamps, the build-up of peat is often due essentially to the intrinsic 
properties of the leaves that accumulate and inhibit decomposition rather than to the properties 
of the swamp site itself, i.e. the acidic, anaerobic and high tannin conditions (Yule and Gomez, 
2009).  Peat profiles are archives recording vegetation change or stability during the time of 
peat formation.  Andriesse (1988) suggests a classical succession of plant association in 
lowland peat swamp, starting at the bottom with floating aquatic plants, algae and plankton 
followed by perennials emerging from shallow water and then grassy perennials, shrubs and 
trees. As peat systems tend to become ombrogenous in the later stages of development, thus 
nutrient poor and oligotrophic, vegetation is increasingly dominated by acidophilic plants. In 
coastal swamps of Southeast Asia, Anderson (1964) recognised a succession starting with 
pioneering mangrove plants, followed by brackish water communities and finally replaced by 
freshwater swamp communities. 
The peat swamp forest often has a lateral variation of vegetation types resulting in 
horizontal zonation of forest species and hence the above ground biomass.  Bulwada (1940) 
working in Sumatera was the first to report the different types of vegetation existing in the peat 
swamp forest depending on the thickness of the peat and distance from the river. Anderson 
(1963) working in Brunei and Sarawak recognized 6 distinct Phasic Communities (PC).  They 
were numbered PC1 at the edge of the peat swamp forest to PC6 in the centre of the peat swamp 
as shown in Figs. 2.10 and 2.11.  There is a difference in the height of vegetation, girthing and 
stems per ha at each of the different phasic communities. 
Peat characteristics within a peat swamp vary according to its position.  Generally most 
chemical properties such as exchangeable base cations, pH and bulk density of the soil decrease 
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from the edge of the swamp to the centre of the dome. Volume of wood on peat soils cleared 
for planting will be high at the edge of the peat swamp and decreases as we move to the centre 
of the dome. This is mainly due to the thick vegetation (mixed peat swamp forest at PC1) at 
the edge of the swamp which is more fertile to support vegetative growth.  The presence of 
Alan Batu (Shorea albida) forest which has large extended buttress roots at PC2-4 often results 
in poor medium for planting as roots are hardly extracted during land clearing for oil palm 
cultivation.  
 
Fig. 2.10.  Lateral vegetation zonation across a peat dome (modified from Anderson, 1963). 
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Fig. 2.11. Various types of vegetation across a peat dome in Sarawak. (a) Mixed Peat Swamp forest at 
PC1, (b) Alan Batu forest at PC2, (c) Padang Alan forest at PC4, and (d) Tristania-Parastemon-
Palaquium forest at PC5. 
 
2.6.  Tropical peat and peatland features 
2.6.1.  Physical peat properties 
Organic matter content of organic soils are primarily related to the position of the water table 
at each site and to a lesser extent the cooler temperature of the lower peat layers which is cooler 
(Moore et al., 2007).  Moisture content is critical as it controls the accumulation and evolution 
of organic materials.  Farnham and Finney (1965) showed the relationship between moisture 
and little decomposed fibric, moderately decomposed hemic and well decomposed sapric 
material.  Water retention also increases as the degree of decomposition increases.  Micro-
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porosity that controls water retention is higher in sapric material than in fibric material.  
Hydraulic conductivity is influenced by degree of decomposition and the bulk density of the 
organic material.  In the presence of large pores, water moves faster in fibric material than in 
sapric material which is more decomposed. Hydraulic conductivity is a dynamic property that 
decreases as peat evolves from fibric to hemic to sapric material. Apart from organic material 
peat also contains a mineral fraction which affects bulk density. 
Bulk density values are much lower on organic soils as compared to mineral soils. Bulk 
density can vary from 0.05 g cm-3 in non or poorly decomposed material up to 0.5 g cm-3 in 
well decomposed material (Andriesse, 1988).  In most tropical peats, surface layers are more 
decomposed than underlying ones and thus have higher bulk density values.  Organic soils are 
sensitive to irreversible drying after the exposure to the sun and/or upon drainage and fire.  
Many peat soils, especially those with low bulk density are difficult to rewet.  The hydrophobic 
nature of dried peat has been related to different factors  that would prevent the reabsorption of 
water including formation of resinous coating upon drying (Coulter, 1957), high lignin content 
in acid peats (Lucas, 1982) and the presence of iron coating around the organic particles.  
As for peatlands in Sarawak, Tayeb (2005) related the physical properties of peat to 
colour, loss on ignition, bulk density, porosity, water holding properties and its hydrology. 
Colour is normally dark colour generally reddish-brown to very dark brown depending on stage 
of decomposition. The loss of ignition is normally >90% reflecting high organic matter 
including undecomposed to semi decomposed woody materials in the form of stumps, logs, 
branches and large roots. Water table is generally high and often inundated in its natural state 
thus creating an anaerobic environment.  High moisture content and water holding capacity of 
15-30 times of their dry weight causes peat to swell and shrink during wet and dry weather 
respectively.  This leads to high buoyancy and high pore volume leading to low bulk density 
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and low bearing capacity (about 0.1 gm-3).  Peatlands also undergoes oxidation, shrinkage and 
subsidence upon drainage. 
2.6.2.  Chemical peat properties 
Acidity in organic materials varies according to the environmental conditions and the stage of 
peat development. Reaction is neutral in eutrophic peats (pH 6-7), alkaline in brackish water 
peats (pH 7-8) and very strongly acid in tidal peats upon oxidation of pyritic materials (pH 2-
3).  In general tropical lowland peats are acid to extremely acid (pH 3-4.5). 
Cation exchange capacity (CEC) of organic soils is strongly pH-dependent but is in 
general high because of the abundance of the hydrophilic colloids, in particular humic acids 
and hemicelluloses.  The CEC usually increases as the peat develops because decomposition 
of the organic material generates increasing amount of lignin-derivatives rich in exchange sites. 
At pH 7 CEC of fibric material is around 100 cmol (+) kg -1, while it is about 200 cmol (+) 
kg-1 in sapric material (Andriesse, 1988). 
Organic carbon content increases with the increasing decomposition of the organic 
materials.  Ekono (1981) reports organic carbon values of 48-50% in fibric peat, 53-54% in 
hemic peat, and 58-60% in sapric peat.  Since decomposition of organic material decreases 
with depth, top layers usually show higher organic carbon values than deeper layers.  The loss 
on ignition is related to the percentage of organic carbon.  Tie and Lim (1976) highlighted that 
in Sarawak lowland peats, the loss on ignition to carbon content was around 2 times organic 
carbon percent on the average, but they were usually higher in shallow peats (ratio of 4) than 
in deep peats (ratio 2.5).  Nitrogen levels are higher in surface layers of deep peats than in those 
of shallow peats and this is assumed to be related to the concentration of residual nitrogen in 
lignin as peat continues decomposing (Hardon and Polak, 1941).  In general, tropical lowland 
peat derived from rainforest trees has higher lignin and nitrogen contents and lower ash, 
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carbohydrate, and water soluble protein contents than those of temperate peat; the organic 
matter is less biodegradable leading to faster peat accumulation (Notohadiprawiro, 1997).  Ash 
contents can be high adjacent to rivers, often due to flooding and mineral soil material 
contamination. 
Other chemical substances present in peat material include phosphorus, free lime, and 
sulphur.  Phosphorus content on oligotrophic tropical peats is generally very low, less than 
0.04% on average (Andriesse, 1988).  In general tropical peats are very poor in lime (<0.3%).  
Eutrophic peats occur only in exceptional situations, provided with calcium carbonate sources 
(shell deposits, coral reefs, marl and limestone).  High sulphur contents in the form of pyrites 
are comparatively more frequent in the tropics especially in the coastal lowlands where the 
underlying material is often sulfidic.  Pyrite oxidation upon exposure to air in drained peatland 
causes extreme acidification (pH 2-3). 
The chemical properties of peat in Sarawak is also highlighted by Tayeb (2005) where 
peat is described as very acidic in nature and very low nutrient content especially P, K, Cu, B 
and Zn.  Peat is also low in amounts of exchangeable bases thus having low base saturation 
rates.  N is high but locked in the organic matter thus its availability for plant uptake is rather 
low. The high C:N ratio coupled with the low pH result in low mineralisation in peat.  CEC is 
high due to the presence of exchangeable H+ contributed by organic acids such as carboxylic 
acids, phenolic acid and other amino acids. Thus it is highly buffered. 
2.6.3.  Biological activity in peats 
Micro-organisms including Actinomycetes, fungi and bacteria are active at the initial stages of 
peat development as the aerobic conditions prevail to decompose freshly accumulated organic 
material. As the peat deposit grows under high water table, micro-organisms adapted to 
anaerobic conditions take over the decomposition process using oxygen derived from organic 
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material.  High temperatures in the tropical lowlands increase significantly microbial activity.  
Yule and Gomez (2009) suggest that bacteria and fungi must be responsible for leaf breakdown 
in a peat swamps studied in Malaysia because no aquatic invertebrates to ingest leaf material 
were found. Usually biological activity decreases with depth. However, acidity resistant 
anaerobic bacteria have been found to increase with depth in oligotrophic peats (Andriesse, 
1988).  Microbial decomposition of organic materials contributes to peat subsidence. The 
intensity and type of biological activity depend on a variety of factors including the peatlands 
setting, the physical and chemical properties of the peat material, water regime and water 
quality. 
2.6.4.  Profile Morphology 
Tropical organic soils occur both at high and low altitudes.  They are characterised by the 
presence of sapric, hemic and fibric organic soil materials (Fig. 2.12).  They also have large 
pieces of decomposed and un-decomposed wood.  They can be underlain by sulphidic marine 
clay, marine clays or marine sands or riverine or colluvial sands or clays.  They often occur as 
large domed shaped deposits with depths ranging from 50 cm to 10 m. 
 
Fig. 2.12.  Differences between (a) sapric, (b) hemic, and (c) fibric materials. 
 
Chapter 2 
56 
An examination of the vertical profile morphology of the plant debris making up the 
tropical peat soil, shows a vertical layering of material with different stages of decomposition 
and amount of wood and even layers of water can be observed (Fig. 2.13).  Thus tropical 
peatlands exhibits both a horizontal zonation and vertical layering.  The underlying mineral 
substratum of a tropical peatlands can be made of clay (marine clay or marine clay sulphidic 
or riverine clay) or sandy soils (marine or riverine sands, and sulphidic sands).  The underlying 
material is expected to play a role on palm growth and yield on shallow organic soils but not 
in the deep organic soils. 
2.7.  Conclusion 
There is a variety of definition on organic peat or peat soils  and this complicates the 
understanding on the basic definition of the soils. The statistics on extent and distribution of 
temperate peats are said to be more reliable due to their historical importance as a source of 
energy. However, for tropical peat there is a wide range of data available on the extent and 
distribution of tropical peatlands.  This is mainly due to the differences in the definitions of 
peat and peatlands which have been used to classify tropical organic soils.  There is also a 
difference between tropical and temperate peat.  Temperate peatlands are derived from remains 
of low growing plants. Tropical lowland peats are formed from forest species and tend to have 
large amount of undecomposed and partially decomposed logs branches and other plant 
remains.  Very little detailed studies have been carried out on the geomorphological evolution 
of the Sarawak peat swamps.  However it is clear that most of the major peat swamps which 
are formed on the deltas of the majors rivers in Sarawak were formed as a result of the 
progradation of the coast in the Holocene.  Peat formation in relation to topography and water 
regime, geodynamics, time and rate of formation and vegetation do play an important role in 
the development of  peat soils.  The  physical, chemical properties and biological activities on  
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Fig. 2.13.  Vertical layers in typical peat profiles (Source: Paramananthan, 2013).  
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peat are critical in understanding the nature of peat and its land use.  Tropical peat is 
characterised by the presence of sapric, hemic and fibric material and  exhibits both a horizontal 
zonation and vertical layering which has impact on agriculture. 
 
  
Chapter 3 
Peat classification and history of organic soils 
classification in Malaysia 
 
3.1.  Introduction 
The purpose of a classification system is to group the soils with similar properties in the same 
class.  The classification system should assist the reader to see similarities and differences 
between the soils classified.  Relationships between the soils can also be made.  Thus the 
classification system should enable the soils to be grouped at different levels depending on how 
detailed one wants to discuss about the soils.  The classification should also be able to classify 
ALL the soils mapped.  A well-structured classification should also be universally acceptable 
and thus have wide application and not confined to one locality or country. 
Historically, the first review of peat classification was pioneered by Farnham and 
Finney (1965) and Farnham (1968).  These works  with their recommendations for 
improvement have strongly influenced the subsequent classification of Histosols in Soil 
Taxonomy (Soil Survey Staff, 1975) which was further developed and expanded to serve as an 
international system.  There are many classification systems, each generated to serve the 
objectives of the disciplines responsible for their development.  Many of these systems were 
set up in isolation, often nationally.  This gives them a local bias and an emphasis on known 
conditions.  Some confusion arises because a common terminology is used by these 
classifications but with different connotations. 
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3.2.  Types of classification systems 
Peat and peatlands have been classified using a variety of criteria, including the topographic 
setting, current vegetation cover, peat originating plant communities, physical and chemical 
peat properties, genetic processes and soil taxonomy (Andriesse, 1988). 
(a) Topography and geomorphology 
 Topographical classification systems deal primarily with aspects of landscape.  A 
concave depressional setting favours the accumulation of organic material and the 
concentration of surface runoff and ground water flow.  As the peat deposit grows 
vertically,  it tends to expand from the initial core area to the surrounding landscape.  
This topographic basis was used to distinguish between raised bogs in bottom areas and 
blanket bogs on slope (Hammond, 1981) The hydrological conditions, the origin of the 
peat swamp, the nature of the accumulated material are all related to topography, so 
topographical classifications are useful for indicating possible limitations on 
reclamation and necessary management procedures.  Classifications based on mode of 
occurrence use terms such as Marine and Freshwater Swamps, Valley Peats and Upland 
Swamps.  Anderson (1964) and Andriesse (1974) attempted to classify tropical peats in 
Malaysia using topography.  Anderson’s scheme takes into account the nature of 
vegetation as the term Mixed Freshwater Swamp Forest indicates.  Andriesse, however, 
advocates a classification of peat swamps purely on their geomorphological setting (the 
physical environment). 
(b) Botanical origin of the peat 
 The botanical origin of peat rates highly in several classification systems.  Frequent 
reference is made in the literature to Sphagnum peat which is extensive in temperate 
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and tundra regions.  Peats can be divided into major vegetation types such as moss peat, 
sedge peat, heath, saw-grass peat, Cyperacea peat and forest or woody peats.  One of 
the problems of this type of classification is that peat deposits are often characterised 
by vertical sequences or layers of peat of different vegetative origin, each layer 
indicating a specific stage in the development of the deposit.  In Sarawak, for example, 
it is common to find remnants of original mangrove vegetation at the deepest level, 
overlain by transitional brackish-water forest species, passing upwards into a 
freshwater swamp vegetation near the surface (Anderson, 1964). 
An understanding of the botanical composition of peat is valuable because many of the 
other characteristics of peat are related to it.  For example, peats developed from reeds, 
sedges and various trees are generally two to four times richer in nitrogen than those 
from Sphagnum mosses and Eriophorum sedges (Lucas, 1982).  Lignin content is 
likewise often related to botanical origin.  Woody peats generally contain low contents 
of cellulose and hemicellulose and large amounts of lignin.  Since cellulose and 
hemicellulose decompose easily and lignin is the resistant fraction, the proportion of 
the latter increases as the peat decomposes, particularly in woody peats.  It is therefore 
essential to know the vegetative origin of the peat not only for management purposes 
but also a key indicator of other inherent characteristics when assessing potential 
agricultural use.  In this way botanical origin will play an important role as a parameter 
for classification. 
(c) Chemical properties of the peat 
 The chemical classification systems are not just based on chemical properties of the 
peat material itself but also on properties of the environment.  The distinction into 
eutrophic (nutrient rich), mesotrophic (moderately rich) and oligotrophic (nutrient 
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poor) organic soils applies to both the peat material and to the hydrological conditions.  
There is a strong link between chemical classification systems and mode of origin and 
topographic situation.  Eutrophic peat environments are characterised by flooding with 
nutrient rich waters, whereas oligotrophic peats are fed by nutrient-poor waters, mainly 
precipitation, so such peats must already have grown above the flood level of nearby 
rivers.  Acidity in organic soils varies widely according  to the environmental conditions 
and the stage of peat development.  Reaction is neutral in eutrophic peats (pH 6-7), 
alkaline in brackish- water peats (pH 7-8) and very strongly acid on tidal peats upon 
oxidation of pyritic materials (pH 3-4.5).  The mineralogical composition of the  
substratum, with pH being higher on igneous metamorphic rocks than on sedimentary 
siliceous rocks. 
 Cation exchange capacity (CEC) of organic soils is strongly pH dependent but is in 
general high because of the abundance of hydrophilic colloids, in particular humic acids 
and hemicelluloses.  CEC usually increases as peat develops, because decomposition 
of the organic material generates increasing amount of lignin-derivatives rich in 
exchange sites.  Eutrophic peat is usually fully saturated by divalent cations, while on 
oligotrophic peat CEC is dominated by hydrogen and base saturation values are low. 
 Organic carbon content increases with increasing decomposition of organic materials.  
As decomposition of the organic material decreases with depth, top layers show usually 
higher organic carbon values than peat layers.  The loss of ignition is related to the 
percentage of organic carbon. 
(d) Physical characteristics of the peat 
 The Von Post system  classifies  peat on physical properties where a field method to 
indicate stages of decomposition is used.  The Von Post scale recognizes 10 steps; little 
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decomposed fibrous, light-colored peat being defined as H1, whereas the well 
decomposed, colloidal, dark-coloured material at the other end of the scale is indicated 
as H10.  Root fibres, wood residues and degree of moisture are also indicated.  The Von 
Post system has two shortcomings.  First, it is subjective in application, and second 
there are too many categories.  However, modern classification systems including Soil 
Taxonomy have adopted the principle of using decomposition stages to characterize 
peat materials.  In Soil Taxonomy the Von Post scale has been narrowed down to three 
stages, namely the fibric, hemic and sapric types which are quantitatively defined by 
analysis of fibre content and size after rubbing to remove the subjective bias.  Before 
rubbing coarse woody fragments (>2 cm) diameter) are removed. 
(e) Genetic processes within the peatswamp 
 Classifications based on genetic processes are dependent on the climate under which 
peat was formed and changes in the peat, including those as a result of a soil forming 
process, after reclamation.  Terms like Temperate Peats or Tropical Peats, however, 
are not very helpful in management practice, nor do they indicate possible agricultural 
use.  Changes caused by reclamation and soil forming processes can be very rapid and 
short-lived, particularly in the tropics, so they are not useful as classifying parameters. 
 Other morphological criteria, including colour, amount of mineral matter, structure and 
thickness of the deposits are used in modern systems to characterize peat soils.  
Schemes based on these criteria are particularly valuable in the assessment of the 
agricultural value of peat. 
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3.3.  International systems of soil classification 
3.3.1.  USDA Soil Taxonomy 
The USDA Soil Taxonomy (Soil Survey Staff, 1975) has undergone a series of revisions since 
it was initially published in 1975 and finally a Second Edition was published in 1999 (Soil 
Survey Staff, 1999).  A Key was also published in 2010 (Soil Survey Staff, 2010).  The Soil 
Taxonomy is perhaps the most comprehensive system of soil classification available today 
particularly in terms of definitions and nomenclature.  In this hierarchal system, soils are 
classified into seven categoric levels – Orders, Sub-Orders, Great Groups, Sub-Groups, 
Families, Soil Series and Phases depending on amount of data available and the intended use.  
Organic soils are classified as Histosols. 
The central concept of Histosols is that of soils forming over organic soil materials.  As 
a general rule a soil without permafrost is classified as a Histosol if half or more of the upper 
80 cm is organic.  A soil is also classified as Histosol if the organic materials rest on rock or 
fill or partially fill voids in fragmental, cindery, or pumiceous materials.  If the bulk density is 
very low, less than 0.1 Mg m-3, three-fourths or more of the upper 80 cm must be organic. 
3.3.2.  FAO Classification and the IUSS World Reference Base for Soil Resources 
FAO classification (2006) define first organic soil materials before defining what is peat.  
Organic material consists of a large amount of organic debris that accumulates at the surface 
under both wet or dry conditions and in which the mineral component does not significantly 
influence the soil properties.  Organic material has one of the following: 
(a) 20% or more organic carbon in the fine earth (by mass); or 
(b) if saturated with water for 30 consecutive days or more in most years (unless drained), 
one or both of the following: 
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(i) 12 + (clay percentage of mineral fraction x 0.1) percent or more organic carbon 
in the fine earth (by mass), or 
(ii) 18 percent or more organic carbon in the fine earth (by mass). 
Classification system under WRB has three levels i.e. Reference soil groups, Prefix and 
Suffix qualifiers.  This classification  system describes sapric, hemic and fibric nature of peat, 
but does not describe presence of wood and does not define the control section.  The FAO 
2006-WRB was been updated in 2014 and prefix and suffix qualifiers were replaced by  
principal and supplementary qualifiers (IUSS  Working Group WRB, 2014).  The IUSS WRB 
is generally a generalized mapping to assist produce a Soil Map of the World and hence lacks 
the details of the Soil Taxonomy. 
3.4.  History of classification of organic soils in Malaysia 
Malaysia consists of three main political regions namely, Peninsular Malaysia, Sabah and 
Sarawak.  Due to historical reasons, soil mapping and classification in these three regions has 
been different in terms of methodology, definitions and classification.  Thus the mapping, 
classification and definitions used for organic soils during the reconnaissance surveys in these 
three regions were also different.   
3.4.1.  Peninsular Malaysia 
Organic soils in Peninsular Malaysia were initially classified according to their inherent 
fertility status.  Coulter (1950) suggested the following classification for peat soils in 
Peninsular Malaysia: 
• Eutrophic group : high in mineral content; largely derived from marsh and grass; 
neutral or alkaline in reaction. 
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• Oligotrophic group : low in mineral content, especially in calcium, and acid in 
reaction. 
• Mesotrophic group : intermediate between the first two types, with a pH about 5.0 
and a high level of bases. 
During the systematic reconnaissance soil surveys however, organic soils received very 
little attention often only being mapped as Inland Swamp Association (Coulter, 1956; Coulter 
et al., 1956; Null et al., 1965; Wong, 1966; Stensland, 1966).  Leamy and Panton (1966) 
however, proposed that organic soils in Peninsular Malaysia be mapped using their loss on 
ignition as follows: 
• Organic clay – Loss on ignition 20-35% and having an organic surface horizon of 
at least 15 cm (6 inches). 
• Muck – Loss on ignition 35-65% and having a thickness of at least 15 cm (6 
inches).  Muck layers were often 0.6 m (2 feet) thick and occurred 
along the edges of the peat soils. 
• Peat – Loss on ignition of more than 65% and ranging in thickness of 0.6 
to 7.5 m.  Three common depth phases were mapped – shallow peat 
(0.0-0.6 metres or 0-2 feet); moderately deep peat (0.6-1.5 metres or 
2-5 feet); deep peat (over 1.5 m or 5 feet deep). 
Organic clay and muck were considered transitional soils to organic soils. 
Thus in subsequent reconnaissance soil surveys these organic soils and related mineral 
soils were mapped as organic clays, organic clays and mucks and peat (Panton, 1965; Acton, 
1966; Soo, 1968; Ives, 1967; Smallwood, 1965, 1966, 1967). 
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The depths of peat used were subsequently modified during the semi-detailed soil 
surveys (Ariffin and Yew, 1983) who proposed the following depths: 
• Shallow peat – less than 150 cm deep 
• Moderately deep peat – depth of 150-300 cm 
• Deep peat – depth of >300 cm 
Perhaps the first attempt to try to adopt some of the criteria in Soil Taxonomy (Soil 
Survey Staff, 1975) to organic soils of Peninsular Malaysia was suggested by Paramananthan 
(1976) during the semi-detailed soil survey of the Johor Barat Project Area.  Finally in an 
attempt to unify soil classification for the whole of Malaysia particularly for organic soils 
Paramananthan et al. (1984, 1992) proposed that in order to qualify for an organic soil the 
cumulative thickness of the organic soil materials should make up more than half the total 
thickness to a depth of 100 cm or to the top of a lithic/paralithic contact whichever is shallower.  
A redefinition was made on the control section proposed earlier by Paramananthan (1976) from 
120 cm to 150 cm and proposed the depth classes as follows: 
• Shallow – thickness 50-100 cm 
• Moderately deep – thickness 100-150 cm 
• Deep – thickness 150-300 cm 
• Very deep – thickness 300+ cm 
A proposal on the use of the terms Topogenous and Ombrogenous as defined by 
Driessen (1977) in Indonesia using 150 cm thickness as a cut-off was made.  Tie (1982) in 
Sarawak also proposed using the 150 cm cut-off.  This Unified Classification of Organic Soils 
of Malaysia (Paramananthan, 2010a) has since been tested and generally accepted for use in 
Malaysia.  The terminology and criteria used for the classification of organic soils of Malaysia 
are defined in the Malaysian Soil Taxonomy – Second Approximation (Paramananthan, 1998) 
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and has now been updated (Paramananthan, 2008, 2010a, 2014a).  This history of the 
classification of organic soils in Peninsular Malaysia is summarised in Table 3.1. 
Table 3.1.  Summary of history of organic soil classification systems used in Peninsular Malaysia. 
Author Definitions Used 
Coulter, 1950 
Eutropic 
Mesotropic 
Oligotropic 
Null, Acton and Wong, 1965 
Wong, 1966 
Inland Swamp Association 
Leamy and Panton, 1966 
Organic clay – Loss on ignition 20-35% 
  Minimum thickness 15 cm 
Muck – Loss on ignition 35-65% 
  Minimum thickness 60 cm 
Peat – Loss on ignition >65% 
  Shallow <60 cm 
  Moderately deep 60-150 cm 
  deep >150 cm 
Paramananthan, 1976 
Organic Soils – Minimum thickness of 50 cm within 
upper 100 cm. 
Control Section – 0-30, 30-90, 90-120 cm 
Paramananthan et al., 1984 
Organic soils – Minimum thickness of 50 cm. 
Control Section – 0-50, 50-100, 100-150 cm 
  Topogambist peat 50-150 cm 
  Ombrogambist peat >150 cm 
Proposed use Terric Folist – Well drained peats 
sub-groups Gambist – poorly drained peats 
Paramananthan, 1998 
Proposed the Terms – Topogenous, Ombrogenous, 
Gambists 
Paramananthan, 2010b Developed Keys to the Identification 
 
3.4.2.  Sabah 
As in Peninsular Malaysia, organic soil mapping in Sabah also received very little attention.  
Soil mapping in Sabah was carried out by a number of people mostly from the United Kingdom 
and finally all these surveys were combined to produce a 5-volume report and maps entitled 
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‘SOILS OF SABAH’ (Acres et al., 1975).  In producing these reconnaissance soil maps of Sabah 
at a scale of 1:250,000 the soil mapping units were defined based on the draft of the Legend of 
the Soil Map of the World (FAO, 1974). 
The Histosols were separated into two soil units – Dystric and Eutric Histosols using 
the pH - which were further separated into four soil families (Table 3.2). 
Table 3.2.  Histosols of Sabah (Acres et al., 1975). 
Soil Units Parent Materials Family 
Dystric Histosol 
(pH <5.5 in some part between 
20-50 cm depth) 
Peat (groundwater) Kilas 
Peat (surface water) Kaintano 
Sulphidic peat (>0.75% sulfur) Arang 
 
Eutric Histosol 
(pH >5.5 in all horizons 
20-50 cm depth) 
Calcareous peat Mengalum 
 
Thus in Sabah at least a formal definition of the organic soils or Histosols was used.  
The Histosols were defined as follows: 
“Histosols are soils which have an organic O horizon 40 cm (16 inches) or 
more [60 cm (24 inches) or more if the organic material consists mainly of 
sphagnum or moss or has a bulk density of less than 0.1 g cm-3].  This horizon 
may extend continuously from the surface or represent the cumulative depth 
of the organic layers within the upper 80 cm (32 inches) of the soil; the 
thickness of the O horizon may be less when it rests on rocks or on fragmental 
material of which the interstices are filled with organic matter.” 
3.4.3.  Sarawak 
Organic soils in Sarawak were first classified as Bog Soils (Dames, 1962).  Andriesse (1972) 
introduced the term Peat Soils and also established a few soil families.  These organic soils 
Peat classification and history of organic soils classification in Malaysia 
70 
were renamed by Scott (1973) as Organic Soils, a term which was used until the end of 1997.  
Tie (1982) reviewed the history of soil classification in Sarawak while at the same time revised 
and updated the classification of Sarawak soils. 
The identification and classification of organic soils as proposed by Tie (1982) 
consisted of a mixture of terms and definitions drawn from Soil Taxonomy (Soil Survey Staff, 
1975) and the FAO/UNESCO Soil Map of the World Legend (FAO, 1974) with modifications 
to suit local conditions.  The definition of organic soil materials was taken in toto from Soil 
Taxonomy (Soil Survey Staff, 1975).  Tie (1982) also proposed the separation of Montane Peats 
from Lowland Peats, thickness of organic soil materials (Shallow or Topogenous Peat 50-150 
cm thick and Deep or Ombrogenous Peats with a thickness of greater than 150 cm), the nature 
of the underlying substratum, the ash content and the mode of derivation of the organic soil 
materials into the classification (Table 3.3) (Teng, 1996). 
3.4.4.  Current status in Malaysia 
The different definitions and classifications used in Peninsular Malaysia, Sabah and Sarawak 
made it difficult not only to correlate soils between the three regions but also made the transfer 
of agrotechnology developed in one region to the others difficult.  In order to rectify this 
problem, Paramananthan et al. (1984) proposed a Unified Classification of Organic Soils in 
Malaysia.  This proposal was initially tested and a revised proposal presented at the Second 
Meeting of COMSSSEM (Committee for the Standardization of Soil Survey, and Evaluation 
in Malaysia) held in Kuching in 1992 (Paramananthan et al., 1992).  These proposals were 
further tested and finally incorporated into the Malaysian Soil Taxonomy – Second 
Approximation (Paramananthan, 1998).  These have been further revised and updated 
(Paramananthan, 2008, 2010a, 2014a). 
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Table 3.3.  Family and Series Differentiae used for organic soils of Sarawak (after Tie, 1982 and Teng, 
1996). 
Differentiae Criteria Used Remarks 
Control Section 150 cm or depth to 
lithic/paralithic contact 
 
 
Depth of 
Organic Soil 
Materials 
(cumulative) 
Shallow 50-150 cm Depth phases: 
 1 = 50-100 cm 
 2 = 100-150 cm 
Deep >150 cm Depth phases: 
 1 = 150-200 cm 
 2 = 200-250 cm 
 3 = >250 cm 
 
Nature of 
Mineral 
Substratum 
Sandy substratum 
(<15% clay) 
Applied only to shallow families 
Clayey, sulphidic substratum 
(>15% clay) 
 
Clayey, non-sulphidic substratum 
(>15% clay) 
 
 
Surface 
Vegetation 
Peat swamp forest Lowland swamp forests 
Montane forests Altitudes over 1,000 m 
 
Groundwater 
Table 
Present Unless artificially drained 
Absent Non-present but material may be 
saturated 
 
Ash Content High ash content Weighted average ash content to 50 
cm is >10% 
(i.e. loss on ignition <90%) 
Low ash content Weighted average ash content to 50 
cm is <10% 
(loss on ignition >90%) 
 
Mode of 
Derivation 
Autochthonous In-situ build-up 
Allochthonous Alluvial accumulation 
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Recent developments in the Classification of Organic Soils of Malaysia include a 
proposal by the COMSSSEM by Uyo et al. (2010) and Paramananthan (2010a, 2010b, 2014).  
Paramananthan  proposed the criteria to be used at the different categoric levels in the 
Malaysian Soil Taxonomy – Revised Second Edition (Paramananthan, 2010a).  These criteria 
are given in Table 3.4 and Fig. 3.1.  The COMSSSEM Proposal of Uyo et al. (2010) is 
incomplete at the lower categoric levels (Table 3.5 and Fig. 3.2). 
3.4.5.  Mapping and keys of identification of organic soils of Malaysia 
A total of 51 organic soil series have been mapped in Malaysia to-date in an  effort to 
standardize and simplify their identification as shown in Table 3.6 and Table 3.7.  It must be 
remembered that the classification of these soils presented here is only tentative as many of the 
soils do not have proper descriptions and analytical data.  Keys of identifications to these 
organic soils are shown in Table 3.8 and Table 3.9. 
3.5.  Conclusion 
The purpose of a classification system is to group the soils with similar properties in the same 
class.  Thus the classification system should enable the soils to be grouped at different levels 
depending on how detailed one wants to discuss about the soils.  Peat and peatlands have been 
classified using a variety of criteria, including the topographic setting, current vegetation cover, 
peat originating plant communities, physical and chemical peat properties, genetic processes 
and soil taxonomy. 
There are two main systems used globally to classify peat soils i.e. USDA Soil 
Taxonomy and the WRB which is a mapping legend.  In Soil Taxonomy, soils are classified 
into seven categoric levels – Orders, Sub-Orders, Great Groups, Sub-Groups, Families, Soil 
Series and Phases depending on amount of data available and the intended use.  The FAO 2006 
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– WRB had been updated in 2014 and prefix and suffix qualifiers were replaced by principal and 
supplementary qualifiers (IUSS Working Group WRB, 2014). The current international classification 
does not specifically address the presence of wood for classification of Tropical peatlands. 
Malaysia consists of three main political regions namely, Peninsular Malaysia, Sabah 
and Sarawak.  Thus the mapping, classification and definitions used for organic soils during 
the reconnaissance surveys in these three regions were also different.  Recent developments in 
the Classification of Organic Soils of Malaysia include a proposal by the COMSSSEM by Uyo et 
al. (2010) and Paramananthan (2010a, 2010b, 2014).  Paramananthan  proposed the criteria to be 
used at the different categoric levels in the Malaysian Soil Taxonomy – Revised Second Edition 
(Paramananthan, 2010a). 
A total of 51 organic soil series have been mapped in Malaysia to-date in an effort to 
standardize and simplify their identification and many of the soils are yet to have proper 
descriptions and analytical data. 
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Fig. 3.1.  Simplified Key to the Identification of Great Groups of Histosols (Paramananthan, 2010b). 
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Table 3.4.  Summary of criteria used to classify organic soils of Malaysia (after Paramananthan, 2010a). 
Categoric 
level 
Criteria used Example 
Order • Minimum cumulative thickness 
of 50 cm within 100 cm or more 
than half to lithic/paralithic or 
terric layer 
Histosols 
Sub-order • Drainage Class – poor, well Gambist – poorly drained 
Folist – well drained 
Great group • Thickness of organic layer 
 – Ombro: >150 – Ombro 
 – Topo: 50-150 – Topo 
Ombrogambist 
Topogambist 
Sub-groups • Dominant material in sub-surface 
(50-100 cm) tier 
 – Terric, Sapric, Hemic, Typic 
(Fibric) 
Hemic Topogambist 
Sapric Ombrogambist 
Family • Nature of substratum 
 – marine clay/sand 
 – riverine clay/sand 
• Soil temperature regime 
 – isohyperthermic/isomesic 
Baram family 
Adong family 
Bareo Family 
Soil series • Presence and nature of wood 
 – no wood 
 – wood decomposed 
 – wood undecomposed 
• Mode of origin 
autochthonous/allochthonous 
Baram Series:  Sapric 
Topogambist, marine-sandy, 
isohyperthernic, non-woody, 
autochthonous. 
Adong Series:  Hemic 
Ombrogambist, marine-sandy, 
isohyperthermic, decomposed 
wood, autochthonous. 
Bareo Series:  Typic 
Ombrogambist, 
fragmental/colluvium, isomesic, 
non-woody, autochthonous (High 
altitude) 
Phase • Depth 
 – shallow:  50-100 cm 
 – moderately deep:  100-150 cm 
 – deep:  150-300 cm 
 – very deep:  300+ cm 
 
Baram/shallow 
Baram/moderately deep 
Adong/deep 
Adong/very deep 
 
 
Chapter 3 
75 
Table 3.5.  Differentiae used at the different categoric levels by COMSSSEM (Uyo et al., 2010). 
Category Differentiae Example  Remarks 
Order Presence of 50 cm 
Organic Soil Material 
Histosol  50 cm over what depth? 
Sub-Order Soil temperature 
regime 
Type of peat 
Folist  
Topogenist  
Ombrogenist  
Some Sub-Orders.  Three 
syllables should be two. 
Great Group Thickness of OSM Very shallow: 50-100 cm 
Shallow: 100-200 cm 
Moderately deep: 200-300 cm 
Deep: >300 cm  
Thickness now changed from 
Tie (1982) and COMSSSM 
(1984, 1992) 
No names proposed. 
Sub-Group Dominant OSM in 
middle tier 
Fibrist 
Hemist 
Saprist 
Moss material. 
Wood not considered. 
Soil Family Nature of substratum Lithic  
Sand 
Sulphidic clay 
Non sulphidic clay  
Substratum types incomplete. 
No names proposed. 
Soil Series (Still to be finalised) – Definitions not proposed. 
Soil Phase (Still to be finalised) – Definitions not proposed. 
 
 
Fig. 3.2.  Structure of the proposed Unified Classification System by COMSSSEM (Uyo et al., 2010). 
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Table 3.6.  Tentative classification of soil series of Histosols in Malaysia (after Paramananthan, 2014). 
Soil Series Symbol Classification 
Adong Adg Hemic Ombrogambist, 
marine-sandy, isohyperthermic, 
decomposed wood, autochthonous 
Alan Aln Hemic Ombrogambist, 
marine-sandy, isohyperthermic, 
undecomposed wood, autochthonous 
Anderson And Typic Ombrogambist, 
marine-clayey, isohyperthermic, dysic, 
undecomposed wood, autochthonous 
Arang Arg (Fibric) Sulphidic Ombrogambist, 
marine-clayey-sulphidic, isohyperthermic, 
non-woody, autochthonous 
Bakri Bki Hemic Topogambist, 
marine-clayey-sulphidic, isohyperthermic, 
decomposed wood, autochthonous 
Baram Brm Sapric Topogambist, 
marine sandy, isohyperthermic, 
non-woody, autochthonous 
Bareo Bro Typic Ombrogambist, 
residuum-sedimentary, isomesic, 
undecomposed wood, autochthonous (high 
altitude) 
Bayas Bys Hemic Ombrogambist, 
marine-clayey, isohyperthermic, 
decomposed wood, autochthonous 
Binio Bio Typic Topogambist 
marine-clayey, isohyperthermic, 
decomposed wood, autochthonous 
Brinchang Bcg Typic Topofolist, 
residuum-acid igneous, isomesic, 
non-woody, autochthonous (high altitude) 
Changkat Lobak Clk Typic Topogambist, 
riverine-clayey, isohyperthermic, 
non-woody, autochthonous 
Epai Epi Hemic Topogambist, 
marine-clayey, isohyperthermic, 
undecomposed wood, autochthonous 
Erong Erg Sapric Topogambist, 
riverine-clayey, isohyperthermic, 
non-woody, autochthonous 
Gali Gli Hemic Topogambist, 
riverine-clayey, isohyperthermic, 
decomposed wood, autochthonous 
Gedong Ged Hemic Ombrogambist, 
marine-clayey, isohyperthermic, 
undecomposed wood, autochthonous 
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Table 3.6.  (continued) 
Soil Series Symbol Classification 
Gondang Gdg Hemic Ombrogambist, 
riverine-clayey, isohyperthermic, 
decomposed wood, autochthonous 
Igan Ign Typic Topogambist, 
marine-sandy, isohyperthermic, 
decomposed wood, autochthonous 
Kabala Kla Sapric Topogambist, 
marine-sandy, isohyperthermic, 
decomposed wood, autochthonous 
Kabok Kbk Sapric Ombrogambist, 
riverine sandy, isohyperthermic, 
decomposed wood, autochthonous 
Kaintano Kto Hemic Topofolist, 
residuum-sedimentary, isomesic, 
non-woody, autochthonous (high altitude) 
Kapor Kpr Typic Topogambist, 
residuum-calcareous, isohyperthermic, 
decomposed wood, autochthonous 
Karap Krp Sapric Ombrogambist, 
riverine clayey, isohyperthermic, 
undecomposed wood, autochthonous 
Kenyana Kna Sapric Ombrogambist, 
marine-clayey, isohyperthermic, 
undecomposed wood, autochthonous 
Klias Kls Typic Ombrogambist, 
marine-clayey-sulphidic, isohyperthermic, 
decomposed wood, autochthonous 
Liku Lku Sapric Ombrogambist, 
riverine clay, isohyperthermic, 
non-woody, autochthonous 
Linggi Lgi Sapric Topogambist, 
marine-clayey, isohyperthermic, 
non-woody, autochthonous 
Long Putat Lpt Sapric Topogambist, 
marine-sandy-sulphidic, isohyperthermic, 
non-woody, autochthonous 
Luk Luk Typic Ombrogambist, 
marine-clayey-sulphidic, isohyperthermic, 
decomposed wood, allochthonous 
Mahat Mht Typic Topogambist, 
marine-clayey-sulphidic, isohyperthermic, 
decomposed wood, allochthonous 
Melinau Mnu Typic Topogambist, 
residuum-sedimentary, isohyperthermic, 
decomposed wood, autochthonous 
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Table 3.6.  (continued) 
Soil Series Symbol Classification 
Mengalum Mlm Terric Topogambist, 
marine-sandy, calcareous, isohyperthermic, 
non-woody, autochthonous 
Merapok Mpk Typic Topogambist, 
marine-clayey-sulphidic, isohyperthermic, 
decomposed wood, autochthonous 
Mukah Mkh Typic Topogambist, 
marine-clayey, isohyperthermic, 
decomposed wood, autochthonous 
Mulu Mlu Typic Topofolist, 
residuum-calcareous, isomesic, 
non-woody,  autochthonous (high altitude) 
Naman Nmn Sapric Ombrogambist, 
marine-clayey, isohyperthermic, 
non-woody, autochthonous 
Nipis Nps Hemic Topogambist, 
marine-clayey-sulphidic, isohyperthermic, 
non-woody autochthonous 
Pak Bong Pbg Hemic Topogambist, 
riverine-sandy, isohyperthermic, 
non-woody, autochthonous 
Penor Pnr Sapric Topogambist, 
marine-clayey-sulphidic, isohyperthermic, 
non-woody, autochthonous 
Pontian Ptn Hemic Ombrogambist, 
marine-clayey sulphidic, isohyperthermic, 
decomposed wood, autochthonous 
Primaluck Plk Sapric Ombrogambist, 
marine-clayey-sulphidic, isohyperthermic, 
non-woody, autochthonous 
Retus Rts Sapric Ombrogambist, 
marine-clayey, isohyperthermic, 
decomposed wood, autochthonous 
Salleh Slh Typic Ombrogambist, 
riverine-clayey, isohyperthermic, 
decomposed wood, autochthonous 
Simalau Smu Sapric Topogambist, 
marine sandy, isohyperthermic, 
undecomposed wood, autochthonous 
Suai Sui Sapric Ombrogambist, 
marine-sandy, isohyperthermic, 
undecomposed wood, autochthonous 
Taniku Tku Hemic Ombrogambist, 
riverine-clayey, isohyperthermic, 
undecomposed wood, autochthonous 
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Table 3.6.  (continued) 
Soil Series Symbol Classification 
Tasik Tsk Hemic Topogambist, 
riverine-clayey isohyperthermic, 
non-woody, autochthonous 
Telok Buluh Tbh Sapric Topogambists, 
marine-clayey, isohyperthermic, 
decomposed wood, autochthonous 
Telong Tel Sapric Ombrogambist, 
marine-sandy, isohyperthermic, 
decomposed wood, autochthonous 
Teraja Tja Sapric Ombrogambist, 
marine-clayey-sulphidic, isohyperthermic, 
undecomposed wood, autochthonous 
Tinjar Tjr Typic Ombrogambist, 
riverine-clayey, isohyperthermic, 
undecomposed wood, autochthonous 
Trus Trs Sapric Topogambist, 
marine-clayey, isohyperthermic, 
undecomposed wood, autochthonous 
Ulu Kali Uki Terric-Sapric Topofolist, 
residuum-placic-acid igneous, isomesic, 
non-woody, autochthonous (high altitude) 
Umor Umr Typic Topogambist 
residuum-sedimentary, isomesic, 
undecomposed wood, autochthonous (high 
altitude) 
 
  
Peat classification and history of organic soils classification in Malaysia 
80 
 
Table 3.7.  Classification of the Organic Soils of Malaysia using International Systems (after 
Paramananthan, 2014). 
Soil Series Keys to Soil 
Taxonomy – 
Eleventh Edition 
(Soil Survey Staff, 
2010) 
FAO/UNESCO 
Soil Map 
of the World  —  
Revised 
Legend (FAO, 
1990) 
World Reference 
Base for Soil 
Resources 
(FAO, 2006) 
Malaysian Soil 
Taxonomy 
—  Second Edition 
(Paramananthan, 
2010) 
Adong Typic Haplohemist Terric Histosol Sapric Histosol 
(dystric, drainic) 
Hemic Ombrogambist 
Alan Typic Haplohemist Fibric Histosol Fibric Histosol 
(dystric) 
Hemic Ombrogambist 
Anderson Typic Haplofibrist Fibric Histosol Fibric Histosol 
(dystric) 
Typic (Fibric) 
Ombrogambist 
Arang Typic Sulfihemist Thionic Histosol Fibric Histosol 
(thionic) 
Fibric-Sulphidic 
Ombrogambist 
Bakri Terric Haplohemist Fibric Histosol Hemic Histosol 
(dystric, drainic) 
Hemic-Terric 
Topogambist 
Baram Terric Haplosaprist Terric Histosol Sapric Histosol 
(dystric, drainic) 
Sapric Topogambist 
Bareo Terric Haplofolist Folic Histosol Folic Histosol Sapric Ombrogambist 
Bayas Typic Haplohemist Terric Histosol Hemic Histosol 
(dystric drainic) 
Hemic Ombrogambist 
Binio Typic Haplofibrist Fibric Histosol Fibric Histosol 
(dystric) 
Typic Topogambist 
Brinchang Typic Haplofolist Haplic Histosol Folic Histosol (dystric) Typic Ombrofolist 
Changkat 
Lobak 
Typic Haplofibrist Fibric Histosol Fibric Histosol 
(dystric) 
Typic Topogambist 
Epai Typic Haplohemist Hemic Histosol Hemic Histosol 
(dystric) 
Hemic Topogambist 
Erong Terric Haplosaprist Terric Histosol Sapric Histosol 
(dystric, drainic) 
Sapric Topogambist 
Gali Typic Haplohemist Terric Histosol Hemic Histosol 
(drainic) 
Hemic Topogambist 
Gedong Typic Haplohemist Terric Histosol Hemic Histosol 
(dystric drainic) 
Hemic Ombrogambist 
Gondang Typic Haplohemist Terric Histosol Hemic Histosol 
(dystric) 
Hemic Ombrogambist 
Igan Typic Haplofibrist Fibric Histosol Fibric Histosols 
(dystric) 
Typic Topogambist 
Kabala Typic 
Haplosaprists 
Terric Histosol Sapric Histosol 
(dystric, drainic) 
Sapric Topogambist 
Kabok Typic 
Haplosaprists 
Terric Histosol Sapric Histosol 
(dystric) 
Sapric Ombrogambist 
Kaintano Typic Haplofolist Terric Histosol Sapric Histosol 
(dystric) 
Typic Topofolist 
Kapor Typic Haplofolist Terric Histosol Sapric Histosol (eutric) Eutric Topogambist 
Karap Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric) 
Sapric Ombrogambist 
Kenyana Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric drainic) 
Sapric Ombrogambist 
Klias Typic Haplohemist Terric Histosols Hemic Histosol 
(dystric) 
Typic Ombrogambist 
Liku Typic Haplosaprist Terric Histosol Sapric Histosols 
(dystric) 
Sapric Ombrogambist 
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Table 3.7.  (continued) 
Soil Series Keys to Soil 
Taxonomy – 
Eleventh Edition 
(Soil Survey Staff, 
2010) 
FAO/UNESCO 
Soil Map 
of the World  —  
Revised 
Legend (FAO, 
1990) 
World Reference 
Base for Soil 
Resources 
(FAO, 2006) 
Malaysian Soil 
Taxonomy 
—  Second Edition 
(Paramananthan, 
2010) 
Linggi Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric drainic) 
Sapric Topogambist 
Long Putat Typic Haplosaprist Terric Histosol Sapric Histosol 
(drainic) 
Sapric Topogambist 
Luk Typic Haplohemist Hemic Histosol Hemic Histosol 
(dystric) 
Typic Ombrogambist 
Mahat Typic Haplohemist Hemic Histosol Hemic Histosol 
(dystric) 
Typic Topogambist) 
Melinau Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric) 
Typic Topofolist 
Mengalum Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric) 
Sapric Topogambist 
Merapok Typic Haplofibrist Fibric Histosol Fibric Histosol 
(dystric) 
Typic (Sulphidic) 
Topogambist 
Mukah Typic Haplofibrist Fibric Histosol Fibric Histosol 
(dystric) 
Typic Topogambist 
Mulu Typic Haplofolist Folic Histosol Folic Histosol (eutric) Typic Topofolist 
Naman Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric, drainic) 
Sapric Ombrogambist 
Nipis Typic Sulfihemist Thionic Histosol Sapric Histosols 
(thionic) 
Sulphidic Topogambist 
Pak Bong Typic Haplohemist Fibric Histosol Hemic Histosols 
(dystric) 
Hemic Topogambist 
Penor Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric, drainic) 
Sapric Topogambist 
Pontian Typic 
Haplohemists 
Terric Histosols Hemic Histosols 
(dystric, drainic) 
Hemic Ombrogambist 
Primaluck Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric, drainic) 
Sapric Ombrogambist 
Retus Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric drainic) 
Sapric Ombrogambist 
Salleh Typic Haplofibrist Fibric Histosol Fibric Histosols 
(dystric) 
Typic Ombrogambist 
Simalau Typic Haplosaprist Terric Histosol Sapric Histosols 
(dystric) 
Sapric Topogambist 
Suai Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric, drainic) 
Sapric Ombrogambist 
Taniku Typic Haplohemist Terric Histosol Hemic Histosols 
(dystric, drainic) 
Hemic Ombrogambist 
Telong Typic Haplosaprist Terric Histosol Sapric Histosol 
(dystric, drainic) 
Sapric Ombrogambist 
Teraja Typic Haplofibrist Terric Histosol Fibric Histosols 
(dystric) 
Typic (Fibric) 
Ombrogambist 
Tinjar Typic Haplosaprist Terric Histosol Sapric Histosols 
(dystric) 
Sapric Ombrogambist 
Trus Typic Haplosaprist Terric Histosol Sapric Histosols 
(dystric) 
Sapric Topogambist 
Ulu Kali Typic Haplofolist Folic Histosol Folic Histosol (dystric) Typic Topofolist 
Umor Typic Haplofolist Folic Histosol Folic Histosol (dystric) Typic Topofolist 
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Table 3.8.  Keys to the identification of Lowland Organic Soils (Gambists) (Paramananthan, 2010b). 
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Table 3.9. Keys to the identification of Highland Organic Soils (Folists/Gambists)(Paramananthan, 
2010b). 
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4.1.  Introduction 
Peat can be generally used for industrial or energy purposes, environmental services and for 
agriculture.  Reclamation of peatlands do not just take the material itself into consideration but 
also considers the topographic, geomorphic and hydrologic characteristics of the landscape in 
which the peat forms and develops.  When peat is used for agriculture and to provide 
environmental services, the physiographic setting of the peatland plays an important role.  The 
vegetation cover of peatland provides raw material that are transformed by local people into 
crafts, artifacts and furniture from the timber in peatswamp forest.  From an environmental 
point of view, peats and peatland performs regulating functions that play a role in the carbon 
cycle as carbon stocks, in hydrology as water reservoirs and catchment areas for flood 
mitigation, in the adsorption of heavy metals and organic pollutants and in the buffering 
between salt and fresh water systems (Zinck and Huber, 2011).  Large scale reclamation and 
the use of peats were constrained by factors such as poor drainage, low fertility, risk of disease 
and inaccessibility (Andriesse, 1988).  However, due to the increasing demand for food, 
tropical peatlands are becoming the new agricultural frontier areas, increasingly settled by 
newcomers, small farmers and entrepreneurs as well those who frequently lack the experience 
to manage such problem soils. 
Global human population is expected to grow from 6.8 billion in 2010 to a projected 8 
billion in 2025 and 10 billion by 2050 (Moran, 2011).  This ongoing increase in population will 
result in an increased demand for food and agricultural products, especially in Asia, Latin 
America and Africa (Popp et al., 2010).  With the increase in the demand for vegetable oil both 
for food and bio-fuel, more arable land is required. Foley et al. (2011) highlighted that 
tremendous progress could be made by halting agricultural expansion, closing ‘yield gaps’ on 
underperforming lands, increasing cropping efficiency, shifting diets and reducing waste. 
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Together, these strategies could double food production while greatly reducing the 
environmental impacts of agriculture.  However, on a national and regional basis, expansion is 
said to be possible on marginal soil areas including tropical peatlands to resolve issues related 
to food and poverty in the rural areas.  Evidence of root crop cultivation on peat in the highlands 
of Papua New Guinea was found more than 10,000 years ago.  In East Java, shallow peat soils 
(0.2-1.0 m deep) overlying sands were cultivated with rice, sugar cane (Saccharum 
officinarum) and coffee (Fairhurst, 1998). 
4.2.  Land use of oil palm on peat soils in Sarawak 
Posa et al. (2011) reported that the current extent and condition of tropical peatlands in 
Southeast Asia is still unclear as many areas have already been lost or degraded.  Using 
published estimates from various sources, they calculated the maximum remaining area of 
historical peatswamp forest to be 36% covering 6,724,300 ha and protected areas at 9.3% 
covering 1,699,500 ha.  Table 4.1 shows studies on peatswamp forest loss for different areas 
in Southeast Asia. 
 
Table 4.1.  Peat swamp forest loss % in different areas of Southeast Asia over different periods in time. 
Area Period Reference Peatswamp 
forest converted 
to other land 
uses % of peat 
forest (average) 
Insular Southeast Asia 2000-2005 Wetlands International 
Malaysia (2010) 
1.47 
Sarawak 2005-2007 Sarvision (2011) 7.1 
Sarawak 2009-2010 Sarvision (2011) 8.9 
Malaysia and Indonesia 2009-2010 Mietennen et al. (2011) 2.2 
Borneo 1997-2002 Fuller et al. (2004) 2 
Indonesia 1990-2000 Henson et al. (2009) 1.5 
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Overall deforestation rates in Sarawak, Malaysia are the highest and SarVision (2011) 
reported that 41% of the peat soils in Sarawak were covered by oil palm plantations by 2010.  
Mettinen et al. (2011) reported that comparing satellite imagery between 2000 and 2010 using 
a spatial resolution of 250 m, it was found that there is an overall 1% yearly decline in forest 
cover in Southeast Asia of which 68-80% of the area was turned into oil palm plantations or 
left to be overgrown as secondary forest.  A study by Omar et al. (2010) using 2008-2009 
satellite images indicated that from a total of 5.01 M ha of planted oil palm area detected in 
Malaysia, 0.67 M ha were planted on peat. According to this study, the largest oil palm planting 
on peat were observed in the state of Sarawak which recorded 0.44 M ha or 37% of oil palm 
plantations on peat in Malaysia as shown in Table 4.2.  Apart from oil palm, peat is also used 
for planting sago, rubber, coconut, pineapples and mixed horticulture (Table 4.3). 
Table 4.2.  Oil palm on peat in 2009 Malaysia (Omar et al., 2010). 
Region Oil palm (ha) 
Oil palm on peat 
 Ha (%) 
Peninsular Malaysia 2,503,682 207,458 8.3 
Sabah 1,340,317 21,406 1.6 
Sarawak 1,167,173 437,174 37.4 
Total: 5,011,172 666,038 13.3 
 
 
Table 4.3.  The utilization of peatlands for agriculture in Peninsular Malaysia and Sarawak. 
Type of crops Peninsular Malaysia1 
(ha) 
Sarawak2 
(ha) 
Total Area 
(ha) 
Oil palm 146,730 330,669 477,399 
Sago - 64,229 64,229 
Rubber 98,143 23,000 121,143 
Coconut 29,701 - 29,701 
Paddy 15,013 2,000 17,013 
Pineapples 14,690 1,895 16,585 
Mixed horticulture 5,810 908 6,718 
Miscellaneous 7,425 369 7,794 
Total: 317,512 423,070 740,582 
Source: 1 Abdul Jamil et al. (1989) 
 2 Melling (1999) 
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Data on utilisation of peatland for general agriculture in Malaysia is old (Table 4.3) and 
there is a need for compilation of new data.  It was also observed from existing data that among 
the administrative divisions in Sarawak, Sibu division (where the study is conducted) recorded 
the highest extent of peatlands with 54% of area developed for agriculture (Table 4.4). 
4.3.  Land suitability for oil palm cultivation on peatlands 
Oil palm is generally cultivated along the equatorial belt within a latitude of 5° north and south 
of the equator.  Climate, topography, wetness, physical soil conditions and soil fertility are the 
key factors considered for oil palm cultivation on any type of land.  The annual rainfall required 
for oil palm cultivation is 2,000 to 2,500 mm per annum evenly distributed with no month 
having rainfall below 100 mm (Hartley, 1998).  Higher rainfall (>3,500 mm) will cause 
flooding which hampers field operations.  Prolonged dry periods (>3 months) with low rainfall 
(<100 mm per month) will make the area susceptible to fire hazard on peat.  Prolonged moisture 
stress will also result in drop in oil palm yield occurring as a result of impact on floral 
initiation,sex differentiation and abortion (Caliman and Southworth, 1999). 
Table 4.4.  The utilisation of peatland for agriculture in Sarawak by administrative divisions. 
Division Total estimated 
peatland  area  
Area developed for 
agriculture (ha) 
% of peatland area 
developed for 
agriculture 
Sibu/Mukah  502,466  269,571 54 
Sri Aman/Betong  340,374  50,836 15 
Miri  314,585  66,114 21 
Samarahan  205,479  50,836 25 
Sarikei  172,353  61,112 35 
Bintulu  168,733  47,591 28 
Limbang  34,730  8715 25 
Kuching  26,827  N.A. N.A. 
Total 1,765,457  554,775 31 
Source:  Melling et al. (1999) 
Note:  N.A. - not available 
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Being essentially a crop of the lowlands in the humid tropics, oil palm is sensitive to 
both low and very high temperatures.  The optimal mean annual temperature range for oil palm 
is 22  to 32°C.  The growth rate of young seedlings is totally inhibited at temperatures of 15°C 
and less.  Low minimum temperatures are found in tropics where the elevation exceeds 200 m 
asl and there are reports from Sumatera that palms planted above 500 m a.s.l.  come into bearing 
up to one year later than palms in the lowland (Hartley, 1988).  A slope class of  below 0.5% 
(in relation to ground water table) on peatland is preferable for oil palm cultivation and higher 
slope classes (>0.5%) will result in dryness and will not be suitable for palm cultivation.  Phasic 
Communities (PC) in relation to vegetation is also key to oil palm cultivation.  Very low bulk 
density at PC 5 and PC 6 will impede movement of heavy machineries and farm tractors during 
operations (Paramananthan, 2014b). 
Soil requirements and land evaluation for oil palms for high yields was published by 
Paramananthan (2008).  Oil palm performs best on moderately well to imperfectly drained soils 
but also gives good growth on well to somewhat excessively drained soils provided a good 
rainfall distribution is present.Peatlands will be drained during early development  and once 
planting is completed water management is put in place by maintaining the water table between 
50-75 cm from the ground surface.  Oil palm being a shallow rooting plant generally does not 
tolerate flooding.  Normally flooding up to one week does not seriously harm the crop provided 
the flood waters are not stagnant.  Stagnant waters removes the oxygen from soil resulting 
palms turning yellow and finally leaves dying.  Areas with no flooding, occasional flooding 
and short term by shallow flood levels are still  suitable for oil palm cultivation.  High flood 
levels and prolonged flood season will not be suitable for palm cultivation as this hampers 
ground operations.  Suitable  physical soil conditions for cultivation of oil palm on peat includes 
areas with surface woodiness which are less than 40%, surface litter below 50% and absence 
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of woody peat.  The physical characteristics will affect ground operations in terms of access 
and cost of development with high wood volume to be managed during land clearing. 
Soil fertility on the peat surface (to 50 cm depth) is important as most of oil palm feeder 
roots are concentrated on the surface (RSPO, 2012).  However, the fertility status can readily 
be improved by the use of fertilizers.  Organic carbon, base saturation, CEC, micronutrients 
and salinity are critical factors affecting cultivation and growth of oil palm (Tayeb, 2005).  The 
organic carbon value of the A horizon gives an estimate of the organic matter content in the 
top soil.  Too high a value will inhibit mineralisation of added nitrogen while too low a value 
indicates a lack of organic matter in soils. The base saturation percentage gives the current 
fertility status of the soil as it gives an estimate of how many of the exchange sites are currently 
occupied by cations such as Ca, Mg, K and Na. A low base saturation implies that soil has 
undergone leaching and that aluminiam and hydrogen dominates the exchange sites.  A base 
saturation which is less than 35% is low while a value of 50% is more ideal (Paramananthan, 
2008).  A low base saturation value indicates that fertiliser applications are essential if good 
yields of oil palm are to be achieved and maintained.  CEC which  estimates the potential of 
soils in retaining applied nutrients.  A value of less than 16 cmol kg-1 implies that the soil has 
a low capacity to retain added nutrients (Ca, Mg, K) for long periods.  As oil palm is a nutrient 
demanding crop a value of more than 24 cmol kg-1 is ideal.  Where values are very low split 
application of fertilisers and slow release fertilisers can be considered. Oil palm is sensitive to 
both micronutrient deficiency and toxicity (Gurmit, 1989).  While micronutrient deficiency can 
be corrected by application of required nutrients toxicity can be a problem.  Oil palm does not 
tolerate salinity conditions within 50 cm of the soil surface can be detrimental to oil palm 
growth (Tayeb, 2005). 
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It is also pertinent to note that fertility characteristics are usually given a lower 
evaluation rating as this can be easily corrected.  Physical characteristics such as peat maturity, 
presence of wood etc. are more important characteristics as these cannot readily be overcome 
or will be costly.  Foliar sampling and analysis are done annually to determine nutrient levels 
of the palms and corrected in the following year through revised fertilizer application 
(Fairhurst, 1998). The proposal of land suitability evaluation for peatlands is proposed by 
Paramananthan (2014b) as shown in Table 4.5.  
The evaluation involves categorisation of peatlands from highly suitable to permanently 
unsuitable matrix.  This is matched against the parameters which are critical for oil palm 
cultivation on peatlands.  These parameters includes climate, topography, wetness, physical 
soil conditions and soil fertility.  At present only logged over peat swamp forest can be 
developed into oil palm plantation in Malaysia.  For peatlands, long term drainability and 
drainability study should be carried out before any large scale oil palm cultivation can take 
place.  The success of oil palm plantings on peatlands is dependent on whether the area can be 
drained by gravity in the long term.  Long term drainability of an area is in relation to the level 
of the substratum surface rather than peat surface to the existing water level of  the adjacent 
river courses.  This is because the peat surface will continue to subside as long as it is drained.  
When drainage by gravity is not sustainable, the area will become waterlogged  and flooded.  
Under such situation, bund construction and water pumping will be required and this will add 
on to the cost of cultivation. 
4.4.  Oil palm Best Management Practices (BMP) on peatlands  
Oil palm is a perennial crop with a commercial life cycle of 20-25 years once it is planted.  
Seedlings are usually  raised from seeds at nursery for a period between 11 to 12 months and 
transplanted to fields which are prepared from logged over forest.  Palms planted at fields will   
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Table 4.5.  Evaluation of peatland characteristics for oil palm cultivation (Estate-level management). 
Peatlands 
Characteristic 
Highly 
Suitable 
(S1) 
Moderately 
Suitable 
(S2) 
Marginal 
Suitable 
(S3) 
Currently 
Unsuitable 
(N1) 
Permanently 
Unsuitable 
(N2) 
Remarks 
Climate 
Total Annual 
Rainfall (mm) 
2,000-
2,500 
2,500-3,000 3,000-
3,500 
3,500-
4,000 
>4,000 High rainfall 
flooding/ 
hampers field 
operations 
 1,500-2000 1,300-
1,500 
1,000-
1,300 
<1,000 Low rainfall 
susceptibility to 
fire hazard 
Dry Season 
(months) 
<1 1-2 2-3 3-4 4 Long dry period 
– fires 
Mean Annual 
Temperature 
(°C) 
+25 22-25 20-22 18-20 <18  
Topography 
Slope (%) <0.1 0.1-0.3 0.3-0.5 - -  
Phasic 
Community 
PC1 PC2 
PC3 
PC4 PC5 and 
PC6 
- Very low BD in 
PCs 5 and 6 
Wetness 
Drainability Already 
drained 
Easily 
drained 
Moderately 
difficult to 
drain 
Difficult to 
drain 
Very difficult 
to drain 
 
Flooding Not 
flooded 
Occasional 
flooding 
Short term 
shallow 
Short term 
deep 
Long term 
deep 
Hamper field 
operations 
Physical Soil Conditions 
Surface 
Woodiness (%) 
<10 10-30 30-40 40-50 >50 % of surface 
with wood 
stumps (PC3-4) 
Surface Wood 
Litter (%) 
<25 25-50 >50   % of surface 
with wood litter 
(PC2-4) 
Organic Soil 
Material Class 
s/t, s, s/h s/f, h, h/f, f, 
t/w 
s/w, h/w, 
f/w, 
w - t = terric, s = 
sapric, h = 
hemic, f = 
fibric,  
w = woody 
Soil Fertility Conditions 
Soil Fertility 
Characteristics 
Moderate Low    Surface 50 cm 
Salinity (dS/m) 
50 cm 
0-1 1-2 2-3 3-4 >4  
 Source: (Paramananthan, 2014b) 
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only come into harvesting between 24 to 36 months  and good agronomic inputs and practices 
are critical during this period.  Once the palms come into production fields are declared as 
matured and focus is made to maximise its yield.  A well-managed plantation on peat is capable 
to produce 30-35 Mt ha-1 yr-1 of FFB yield (Veloo, 2014). 
Once a logged over forest is selected and drainability study is completed, a perimeter 
drain and bund is constructed.  This is mainly to drain excess water from the peat swamp and 
bund the land from free flow of the river water into the land area.  This is then followed by 
construction of main drains at an interval of 1 km apart to dry out the area to allow mechanical 
works.  Over drainage with water level lower than 100 cm from peat surface is normally 
avoided (Melling et al., 2008). 
Mechanical felling and stacking is carried out within the designated perimeter drain and 
bund.  A buffer zone  of about 100-500 m of natural vegetation is normally maintained to 
reduce tidal force against bund break.  This will also help to increase biodiversity around the 
oil palm plantations on peat.  All logs and stumps will be cut to shorter lengths and stacked 
along pre-determined oil palm planting rows at an interval of 1 to every 4 planting rows (Tayeb, 
2005). 
It is important that the stacking rows do not interfere into planting rows as this will 
affect the accessibility during operations. As most oil palm feeder roots are within 50 cm, any 
wood material within 50 cm from surface should be removed.  Contact of oil palm root on 
wood material will result in pre-mature desiccation of fronds and affects the growth and oil 
palm yield in future (Mathews and Clarence, 2004).  
Volume of wood will also create a habitat for termite and its infestation can be very 
damaging to palms. Termite damage without treatments will result in heavy loss in yield and 
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palm stand (Idris, 2010).  No open burning is currently allowed in any land clearing operations. 
This is then followed by lining of roads, drainage system and bridges. 
All weather roads are constructed starting with main roads normally spaced at 1 km 
apart. Collection roads are also constructed at 300 m interval and constructed in the east-west 
direction to facilitate more rapid drying of road surface during rainy season.  Distance between 
collection roads and collection drains are normally aligned and constructed at 300 m apart to 
provide an infield carry distance of 150 m to facilitate operation activities. Good road networks 
are critical in determining crop evacuation, transportation and timely processing at mills which 
enhances the yield of oil palm (Melling et al., 2008).  Road material  for peat areas are normally 
costly as mineral soil and stones are purchased  from external sources incurring high 
transportation cost. Tahir et al. (1996) indicated that both mineral clay and sand below peat 
surfaces can be used to build road foundations from spoils originating from construction of 
main and collection drains. Field drains are constructed at 1 to 4 palm rows.  Spoils from the 
construction of field drains are normally used to raise harvesting paths for future 
mechanisation.  
Pre-planting surface compaction from an initial bulk density of about 0.10 to about 0.20 
gm/cm3 especially on planting rows is carried out using tracked excavators.  Other than 
increasing bulk densities, it increases soil mass volume thus reducing the rate of fertiliser 
leaching in future  and help reduce palm leaning due to better root anchorage (Tayeb, 2005).  
Compaction is followed by lining of planting points, holing and planting.  Planting holes are 
usually constructed mechanically to simulate  a hole – in-hole planting  using a hole puncher 
attached to the front bucket of the excavator.  Shallow planting will normally be avoided as 
this will lead to palm leaning and toppling which will affect future yields.  Gurmit (1989) 
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recommended  application of 15 gm copper sulphate, 15 gm zinc sulphate and 250 gm of  rock 
phosphate in the planting hole at the time of planting. 
During period of immaturity, water table is maintained at 40 to 60 cm  to ensure palm 
roots are not affected by stagnant water period (RSPO, 2012).  The most critical management 
issue  during maturity is water management where water table maintenance  between 35 to 45 
cm from ground surface is important to minimise irreversible drying and peat subsidence.  
Water management is also recognised as very critical in managing GHG from a sustainable 
palm oil production perspective (RSPO, 2012; Arina et al., 2013).  Fertliser requirement for oil 
palm on peat may differ to the conditions of the peat where it is cultivated fertiliser programs 
are designed based on the chemical properties of the peat and nutrient requirements for good 
growth and high yields based on fertiliser trials.  The low K content of peat is normally 
complimented by higher dosage of K fertiliser.  Requirement of  phosphorus by palm is 
normally low to moderate and in some peat soils oil palm shows no response to phosphorus. 
 However since the pH is generally low limestone dust or ground magnesium limestone 
at a rate of 1.5 to 2.5 kg per palm per year may be applied to decrease the acidity during 
immature.  Fertiliser application is subject to leaching losses due to the high peat porosity 
especially on hemic and fibric material.  The issue is normally resolved through split 
application rounds of fertiliser. 
The implementation of best management practices  for oil palm on peat are shown in 
Table 4.6. 
4.5.  The strengths of oil palm cultivation on peatlands 
There are many benefits and strengths reported as a result of oil palm cultivation on peat soils. 
Among others, meeting the demand for vegetable oil for food and biodiesel, land availability,   
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Table 4.6. Types and implementation of Best Management Practices (BMP). 
Type of BMP Actions From Field 
Operational  Experience 
Effect of the BMP 
1.  Water Management 
a. Water table management 
at 40-60 cm from soil 
surface (RSPO, 2012). 
 
 
b. If palms are mature, water 
levels can be as high as 35 
to 45 cm below the 
surface without affecting 
FFB yield  
 
a. Construction  of temporary 
stop offs (using logs, 
boulders and soil bags) 
during first 5 years after 
planting. 
b. Construction of permanent  
and pre-fabricated  weirs 
after 5 years once initial 
peat surface had subsided. 
 
a. GHG emissions  were reported 
to be lower compared to the 
forest eco-system (Melling et 
al., 2010). 
 
b. GHG emissions can be reduced 
by more than 50% compared to 
those with water levels at 70 to 
100 cm of depth below the 
surface (Arina et al., 2013). 
c. Minimizes risk of accidental 
peat fire and most practical 
way to minimize subsidence. 
2. Zero Burning 
• No open burning practiced 
during  land 
preparation/replanting 
 (Tayeb, 2005) 
 
• Palm biomass during 
replanting stacked at inter-
rows and left to 
decompose. 
 
• No fire and GHG emission 
during land preparation. 
3. Nutrient Management 
a Slow release fertilisers for 
nursery seedlings.  
 
 
 
 
b. Slow release fertilisers 
plus application of 500 g 
of rock phosphate (RP) in 
the planting hole followed 
by surface application of 
2.5 kg lime stone dust, 
100 g CuSO4 and 100 g 
ZnSO4  on a per palm 
basis per year have shown 
to give healthy growth 
(Gurmit, 1989). 
c. Adequate supply of N is 
made at early stages as 
high C:N ratio in peat 
affects the rate of N 
released to meet palm 
growth (Manjit et al., 
2004). 
 
a. Application of slow release 
fertilisers during seed 
sowing for pre-nursery and 
during transplanting at 3 
months after sowing. 
b. Fertlisers for basal dressing 
for planting hole to be pre-
packed to ensure right 
dosages and type of 
fertilisers be pre- 
determined prior to field 
application. 
 
 
 
 
 
c. Application of fertlisers 
including N be applied 
during low rainfall period 
to avoid leaching of 
fertilsers. 
 
a. Good growth of seedlings at 
nursery resulting in high 
quality planting material 
planted at field. 
 
 
b. Good growth of immature 
plantings resulting in early 
immaturity and shorter 
payback period and investment 
rates of returns.  
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Table 4.6. (continued) 
Type of BMP Actions From Field 
Operational  Experience 
Effect of the BMP 
3. Nutrient Management 
d. Micronutrient deficiency 
reflected by mid crown 
chlorosis for copper and 
peat yellow for iron 
respectively is addressed 
by applying CuSO4 and 
FeSO4. Boron deficiency 
which is reflected by hook 
leaf and crinkled leaf 
symptoms is normally 
rectified with application 
of borate at 100 – 150 
g/palm year subject to 
foliar analysis 
 
d. Leaf sampling to be carried 
out annually to check on 
leaf nutrient status to 
address the issue of 
micronutrient deficiency.  
Field observations to be 
carried out to identify 
symptoms of micronutrient 
deficiencies. 
 
 
d. Balanced nutrition for palms in 
the management of macro and 
micronutrients resulting in 
higher yields and oil extraction 
rates. 
 
 
4. Pest & Disease Control 
a. Good control of major 
pest outbreak such as rats, 
termite, bagworms and 
tirathaba bunch moth. 
 
 
 
 
 
 
 
 
 
 
b. Good control of diseases 
such as Ganoderma 
boninense 
 
 
a. Vigilance and field patrol 
and monthly census to 
prevent any major outbreak 
of pest.  Use of Integrated 
Pest Management (IPM) 
for bagworm control with 
planting of beneficial plants 
(cassia cobbensis, 
antigonon leptopus and 
tunera spp) to attract 
predators.  Encourage the 
use of red ants to control 
tirathaba and barn owl for 
control of rats.  
b. Census (at six monthly 
intervals) conducted  for 
Ganoderma infections 
carried out to monitor the  
spread of the disease. 
 Felling excavation and 
removal of all Ganoderma 
infected tissues and 
exposing it to sunlight. 
 Construction of sanitation 
pit at 2m x 2m x 1m during  
replanting for Ganoderma 
infected palm areas. 
 
a. Good control of pest and 
disease with minimal use of 
chemical. 
 Prevention of major outbreak 
will result in lower cost of 
control when pest and disease 
is handles at an early stage. 
 
 
 
 
 
 
 
b. Minimal crop loss and yield 
reduction due to loss of stand.  
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Table 4.6. (continued) 
Type of BMP Actions From Field 
Operational  Experience 
Effect of the BMP 
5. Weeding Practices 
• Sustainable weeding 
practices to be 
implemented 
 
a. No blanket spraying 
policies. 
b. Use of selective herbicides 
to maintain beneficial 
weeds like Neprolephis 
Bisserata. 
c. Split weeding programs to 
ensure ground vegetation is 
available at any one time. 
d. Educating workers to avoid 
eradicating beneficial 
weeds such as Neprolephis 
Bisserata and Fimbristylis 
acuminata 
 
• Good maintenance of ground 
vegetation maintains peat 
moisture. 
• Irreversible drying of peat is 
avoided with the maintenance 
of moisture. 
• Peat erosion and fertiliser 
washoff can be minimized with 
the management of ground 
vegetation. 
 
6. Palm Leaning and 
Toppling 
• Palm leaning will have a 
temporary impact on yield 
and if leaning is severe 
palms will topple resulting 
in loss of yielding palms. 
 
 
 
• Palm mounding using 
excavators or using soil 
bags can be implemented to 
prevent leaning and 
toppling. 
 
 
 
• With palm mounding and soil 
bag support palms grow 
upright between 3 to 5 years 
and back to normal yielding 
capability. 
• Palm toppling and stand loss is 
minimised resulting in good 
yields obtained. 
7. By Product Utilisation 
and Renewable Energy 
a. Biomass utilisation such 
as Empty Fruit Bunches 
(EFB) on peat plantings. 
 
 
b. The use of bunch ash 
which is a byproduct of 
palm oil mills. 
c. The use of kernel shells, 
mesocarp fibre and 
decanter cakes from mills.  
 
 
 
a. EFB application at 40 
mt/ha at for mature palms 
and ring  application of 
EFB on immature areas at 
25 mt/ha. 
b. Bunch ash application at a 
rate of 6kg/palm /year. 
 
c. Kernel shells, mesocarp 
fibre and decanter cakes 
applied on nursery 
polybags. 
  
 
 
a. Use of EFB will be able to 
increase soil pH and the soil 
exchange K from 0.20 to 8.38 
cmol ha-1. 
 
b. Bunch ash is a good source of 
K and can improve soil pH. 
 
c. Kernel shells, mesocarp fibre 
and decanter cakes from mills 
used on nurseries to conserve 
moisture, prevent regeneration 
of weeds and formation of 
“hard caps” on soil surface. 
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Table 4.6. (continued) 
Type of BMP Actions From Field 
Operational  Experience 
Effect of the BMP 
7. By Product Utilisation 
and Renewable Energy 
d. The use of pruned fronds 
after pruning during 
harvesting operations. 
 
 
e. Utilization from 
underlying substratum of 
peat estates such as sand 
and clay materials for 
infrastructure 
development such roads 
and access on peat estates. 
 
f. The use of palm oil as bio 
fuel. 
 
 
 
 
 
 
 
 
 
 
 
g. Clean Development 
Mechanism (CDM) such 
as methane capture. 
 
 
 
 
 
 
d. Pruned fronds are stacked 
on “L” shape in between 
palms to cover the surface 
area and fertlisers are 
applied on frond stacks. 
e. Mineral substratum like 
sand and clay are dug 
deeper from roadside drains 
to be used as road material. 
 
 
 
 
f. The use of palm bio diesel 
by farm tractors and 
supervision vehicles on 
estates.  
 
 
 
 
 
 
 
 
 
g. Carbon emission reduction 
strategies from palm oil 
mills can be obtained by 
applying the closed 
anaerobic digestion 
systems. 
 
 
 
 
d. Fertliser application on frond 
stacks  reduces the risk of 
nutrient leaching due to the 
high porosity of peat soils and 
groundwater pollution. 
e. Utilisation of underlying 
mineral substratum for 
infrastructure such as roads 
reduces cost of infrastructure 
development. 
 
 
 
f. Palm oil used as biodiesel has 
shown more GHGs savings as 
compared to other biodiesel 
feedstock. 
 The use of palm oil as 
biodiesel in Malaysia for 
example is line with the policy 
of using 5.5% of total 
electricity generation based on 
biofuel utilization by year 
2015. 
 
g. Energy from palm oil mill 
effluents can be utilised for 
energy generation in refineries.  
 Biogas from Palm Oil Mill 
Effluent can be converted into 
electricity and heat to 
eventually reduce GHG 
emissions of biodiesel 
production from palm oil 
(Harsono, 2014) 
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rural development, employment opportunities and poverty eradication have often been 
highlighted in support of cultivation of oil palm on peatlands.  Global demand for vegetable 
oils for food and biofuel are key opportunities available in the global business environment for 
the palm oil industry. It is pertinent that these opportunities are fully capitalised to enhance the 
global oil palm business. 
4.5.1.  Meeting the global demand for vegetable oils 
The global demand for vegetable oils (sunflower, rapeseed, soybean, palm oil etc.) is expected 
to be at 240 M t yr-1 by 2050, twice the 2009 value (Corley, 2009).  Palm oil is particularly 
favoured due to its low production cost and its higher oil yield per ha (4 M t ha-1 yr-1) of a total 
global production of 186.4 M t of the 17 oils and fats in the global vegetable oil production in 
2012, palm oil was the highest consumed, reaching 3 billion people in 150 countries.  In 2011, 
global production of palm oil and palm kernel oil was 59.6 t, or about 32% of total global 
vegetable oil production (Oil World, 2013).  Generally, there is a pressure to produce more 
vegetable oils to meet the increasing global demand.  Indonesia and Malaysia, with a 
production of 23.9 M t yr-1 and 18 M t yr-1 respectively, contribute 85% of worldwide palm oil 
production (Oil World, 2013).  From a food security perspective, the need for adequate supply 
to meet growing demand and affordability to the majority of the world population is critical.  
Affordability is also based on price stability which is dependent on demand and supply.  
Limited breakthrough in the oil palm industry has resulted in a land productivity with oil yields 
stagnating below the 4 M t ha-1 yr-1 level over the last twenty years.  Plantations with BMP and 
good management discipline are able to achieve 6 M t  ha-1 yr-1.  Under such circumstances, 
one of the options available is to adopt Best Management Practices (BMP) to develop 
marginal land such as tropical peatlands to compliment the increasing global demand for 
vegetable oils. 
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4.5.2.  Global demand for biofuel 
The demand for palm oil as a biofuel feedstock rose from zero in 2000 to about 10% of crude 
palm oil output in 2011 (Mielke, 2012).  Currently, Malaysia is the regional leader in biodiesel 
production with an output of 540 M t yr-1 as of 2009 (Teoh, 2010). The increasing demand for 
biofuels further widens the demand gap for oil palm as a food source as more palm oil will be 
used as a feedstock for biofuel than food.  The bottom-line is more land will be required for oil 
palm cultivation and to meet this demand  increased pressure to develop marginal soils such as 
peatlands will be inevitable. 
4.5.3.  Land availability 
Peatlands is considered a “goldmine” in Malaysia where suitable land for oil palm cultivation 
and agriculture is scarce.  The oil palm planted area in Malaysia has increased from 1.02 M ha 
in 1980 to 5.3 M  ha in 2013 and the same was observed in Indonesia where almost 10 M ha 
have been planted with oil palm by 2013 (Dradjat, 2014).  
 It should be noted that Malaysian soils are classified into 5 agricultural capability 
classes (Wong, 2003).  Classes 1 to 3 are categorised as suitable, class 4 as marginal and class 
5 as unsuitable for agriculture.  From a total of 32.6 M ha of land in Malaysia, 10.1 M ha or 
31% were assessed as suitable, 4 M ha or 12% as marginal and 18.5 M ha or 57% as unsuitable 
for agriculture.  Most of the suitable lands were found in Peninsular Malaysia where 47% (6.22 
M ha) of Peninsular Malaysia was rated as suitable.  In East Malaysia only 1.77 M ha (14%) 
and 2.14 M ha (29%) of suitable lands were found in Sarawak and Sabah respectively (Wong, 
1986).  The States of Sarawak and Sabah are at a greater disadvantage as far as soil suitability 
for agriculture is concerned with no class 1 soils available in Sarawak and 86% of soils in this 
state is marginal and unsuitable for agriculture.  As there are limited suitable lands available in 
the two major oil palm growing states, any new agricultural development which is essential for 
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the rural community would possibly take place on marginal soils such as peatlands with a 
greater need for agro-management inputs. 
4.5.4.  Rural development and poverty eradication 
Undeveloped rural areas including peatlands will only be able to sustain a subsistence 
economy.  Peatlands community will usually depend on forest products for food and traditional 
medication, freshwater fish and small scale food crop farming surrounding their settlements. 
Income and food from such activities are normally inconsistent and insecure in the long term. 
Oil palm being a perennial crop with three harvesting cycles a month for a lifecycle of 20-25 
years provides a constant and secure income throughout the month as compared to annual crops 
which can be subjected to varying climatic conditions and high seasonal variations in yield.   
A typical oil palm plantation in Sarawak for example is required to comply with a 
minimum wage payment of USD8.79 day-1 for unskilled workers. As for skilled job such as 
harvesting a productive harvester is capable of earning an average of USD27.47 day-1  The 
State of Sarawak has 46% of its population or 1.15 M  people in rural areas and 236,000 people 
live on or near peatlands area.  Government linked agencies such as SALCRA (Sarawak Land 
Consolidation and Rehabilitation Authority) has paid good dividends of up to USD211 M to 
22,000 land owners through oil palm development in rural areas including peatlands (Khor, 
2014).  Liew (2010) highlighted the improvement in the earnings of rural population on 
peatlands in Sarawak through the introduction of oil palm as a commercial crop. Smallholders 
cultivating oil palm on their own land earn from USD 153 to up to USD 919 per month which 
is more lucrative than planting traditional crop such as coconut. 
The emergence of new rural growth centers in Sarawak such as Lawas, Serian, Pusar 
and Simunjan is a multiplier effect created by oil palm estates on peat areas. However, 
questions are also raised if, there are socio-political risks with the policy of stopping peatlands 
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cultivation in rural Sarawak. Non-peat mineral soil areas are basically inhabited by Christian 
Dayaks while peatlands are normally inhibited by indigenous Malays or Ibans who are 
Muslims.  An unbalanced development between the two groups has a potential to result in the 
poor distribution of wealth between ethnic groups in Sarawak.  With peatlands ownership by 
the indigenous Malay, the disparity of incomes between Christian Dayaks and the Malays or 
Muslim Ibans can be narrowed if existing peat planting areas are well managed with the 
implementation of Best Management Practices (BMP). 
4.5.5.  Employment opportunities 
The oil palm industry is also a labour intensive industry which provides job opportunities to 
the rural communities in Malaysia and Indonesia.  There are almost 448,461 people employed 
in the palm oil industry in Malaysia (Ismail, 2014).  Peatland with high water table and soggy 
conditions are difficult to mechanise in the long run and hence labour requirements for peat 
estates are normally higher by 30-40% as compared to mineral soil areas (Veloo, 2013).  In 
terms of employment of professional managers, land to manager ratio is estimated at 1 to 1,500 
ha as compared to 1 for 2,500 ha on non-peat estates.  The same applies to supervisory staff 
where 60-70% additional staffs are required to manage an estate on peat as compared to mineral 
soil (Veloo, 2013).  The higher requirement for manual labour, professional managers and 
supervisory staffs provides higher employment opportunities especially in the rural areas where 
industrialisation is low.  A local field supervisor employed in a well-established plantation 
company is able to earn up to USD306 a month (Liew, 2010). 
4.6.  Weaknesses of oil palm cultivation on peatland 
Weaknesses of oil palm cultivation on peatlands as highlighted in most of the literature 
reviewed is often related to land use change and deforestation, carbon and greenhouse gas 
implication, impeding global supply chain for sustainable products, poor economic feasibility, 
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loss of biodiversity and impact on peatlands community are weaknesses highlighted in most of 
the literature reviewed on oil palm cultivation on peatlands. 
4.6.1.  Land use change and deforestation 
In Malaysia, deforestation rates in the past 6 years were highest in Sarawak with a yearly 
deforestation rate of around 8% on average for peatland and an overall deforestation rate of 
around 2% in the last 5 years for all soil types (Sarvision, 2011).  In the past years deforestation 
rates for peat swamps were higher than deforestation rates for forests on mineral soils. Loss of 
forest cover in Southeast Asia can be grouped into three main categories (Miettenen et al., 
2011): 
a. Forest degradation caused by logging. 
b. Conversion of forest into large scale plantations by clear felling. 
c. Expansion of small holder dominated farming areas.  
Mitigation and controls are required to address the issue of deforestation on peatlands. 
 4.6.2.  Carbon and greenhouse gas implication 
Tropical peatlands are one of the most important terrestrial carbon stores on earth.  Page et al. 
(2011) indicated that Malaysian peat store around 9 Gg (gigaton) of carbon.  The most 
important factor that controls the peatland-C balance is hydrology (Couwenberg et al., 2010).  
Drainage of peats leads to peat oxidation and a higher frequency of fires, resulting in an 
increase in GHG emissions and carbon loss (Gomeiro et al., 2010).  The land use change from 
forest to oil palm plantation causes direct loss of carbon through clearing and burning of above 
ground biomass.  Carbon loss in natural or primary peat swamp is ranging from 111-432 Mg 
C ha-1 and loss from logged forest is between 73-245 Mg C ha-1 (Danielesen et al., 2009). 
Carbon stock in oil palms ranges between 25-84.6 Mg C ha-1 (Verwer and van der Meer, 2010). 
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There is an uncertainty in the rate of carbon emission from drained tropical peatland 
and this is caused partly by the reliance on measurements of gaseous CO2 emissions that are 
difficult to conduct and interpret.  Estimates of net carbon losses and resultant CO2 emissions 
from peatland drained for agriculture range from <40 t CO2 ha
-1 yr-1 (Melling et al., 2005;  
Herchoualc’h and Verchot, 2011), to >60 t ha-1 yr-1 at water table depths around 0.7m 
(Couwenberg  et al., 2010), excluding forest biomass and fire losses.  Latest emission report 
ha-1 yr-1 Hooijer et al. (2012) shows that CO2 emissions from peatland averages at <100 t CO2 
over 25 years. 
Drainage needed for oil palm cultivation means that dissolved organic matter dissolved 
organic matter leached to the drain  and ditches and rivers will also be enhanced (Yule and 
Gomez, 2009).  Although land clearance by fire has been banned for several years, it is still a 
widespread practice particularly by smallholders who lack access to heavy machinery (Page et 
al., 2011).  Peat fires increase CO2 emissions due to the burning or oxidation of one or a 
combination of plant biomass, necromass and peat layers.  Fires often occur during land-use 
change from forest to agriculture or other land uses.  Fires can also occur during long drought 
periods.  Under traditional farming practices, burning can be done intentionally to reduce soil 
acidity and improve soil fertility.  But, on the other hand, this practice increases the contribution 
by peat to CO2 emissions. 
Conversion of forest on mineral soil is a one point emission in time while emissions 
resulting from peat drainage are continuous processes.  Root biomass in relatively undisturbed 
peat swamp forests is estimated at 29-45 Mg C ha-1 (Verwer and van der meer, 2010) Haze 
following peat and forest fires results in exposures to high level air pollution increasing risk of 
asthma, bronchitis and other respiratory illness (Sastry, 2000).  Haze can result in the reduction 
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by as much as 92%, in photosynthetically active radiation (PAR) which can affect rates of 
carbon fixation.  
Climate change as a result of the increase in the global GHG emissions is one of the 
most critical factors discouraging tropical peatlands development for oil palm.  Peatlands emits 
greenhouse gases in the forms of CO2 (carbon dioxide), CH4 (methane) and N2O (nitrous 
oxide).  Carbon dioxide is most important because it forms the highest amount emitted by 
peatlands, especially when peat forest is converted to agriculture or settlements.  CH4 is 
measurable in peat forests that are normally saturated or submerged.  CO2 emissions dominate 
drained peat, whereas CH4 emissions decrease significantly or even become undetectable in 
drained peatlands (Couwenberg et al., 2010).  
N2O emissions occur from the use of nitrogen-rich fertilizers.  Part of the leached nitrate 
in the anaerobic layer is reduced to nitrous oxide (N2O).  Drained organic soils can also emit 
significant amounts of N2O from nitrogen in the organic matter or nitrogen added by 
fertilization.  Rewetting inland organic soils by raising the water table decreases CO2 emissions 
and rapidly decreases N2O emissions to close to zero, and increases CH4 emissions compared 
to the drained state as the oxygen level in the soil drops and methane production starts again 
(IPCC, 2014).   
4.6.3.  Global supply chain and marketing of sustainable products 
Oostever (2014) highlighted that contemporary palm oil production, processing and trade is 
highly complex and dynamic involving many actors in different parts of the world engaged in 
the production of a broad variety of end products. From a supply chain and marketing point of 
view, Unilever a powerful node in the global palm oil supply network is the world’s largest 
buyer of palm oil purchasing 1.3 M t or three percent of world’s total production.  The group 
has specified its targets for sustainable palm oil in its 2008 Sustainable Living Plan i.e. to start 
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using RSPO (Roundtable of Sustainable Palm Oil) certified sustainable palm oil in 2008 and 
have all palm oil certified in 2015.  Unilever had also pledged to have a fully traceable supply 
chain in Europe by 2012 and support the call for an immediate moratorium on any further 
deforestation in Indonesia for palm oil (Oostever, 2014).  This impact is also felt in the 
Malaysian palm oil industry. 
Buyers like Body Shop, demand that the palm oil used in their products are produced 
without chemical fertilisers and will pay a higher price for so called organically produced palm 
oil (Boons and Mendoza, 2010).  This strong commitment from producers like Unilever has 
recently affected players in the palm oil supply chain such as Willmar which recently 
announced a policy of “No deforestation, No Peat and No Exploitation Policy”.  Willmar will 
only buy palm oil from peat swamps and cleared forest prior to 2005.  Wilmar buys 45% of 
Sarawak’s palm oil production and should Willmar as the largest buyer of CPO in Sarawak 
pull out from the state, losses can potentially amount to about 1.4 million tonnes of palm oil 
valued at RM3.5 billion (USD1.4 B).  Willmar’s decision will have a potential impact on nearly 
18,000 smallholders whose estimated annual return per hectare from their oil palm 
smallholdings are RM3,327 (USD1,331) or RM227 (USD91) per month (The Malaysian 
Insider, 2014).  Plantation companies such as IOI Corporation, Felda Global and Sime Darby 
are suppliers of palm oil to Wilmar and if they follow strictly to this policy, it will mean that 
there will be a trade barrier for other upstream players involved in peatlands cultivation. Poor 
market for palm oil produced on peat will eventually put pressure for price discounts and affect 
the economic returns of palm oil cultivation on peatlands. 
4.6.4.  Economic feasibility 
Peatland generally has poor economic feasibility as compared to other soil types (Veloo et al., 
2014).  Table 4.6 shows that this is mainly due to the fact that cost of development to maturity 
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(RM17,000-RM23,000) and average yield 18-22 M t ha-1 yr-1 for various types of peat is much 
higher as compared to other mineral soils.  Cost of development and yield for most mineral 
soils are between RM14,000-RM16,500 and 20-27 M t ha-1 yr-1, respectively.  Only sandy soils 
show high cost of development at RM22,000 ha-1 and an average yield of 16 M t ha-1 yr-1.  For 
peat soils, IRR and payback is also lowest at 7-9% and 14-18 years respectively.  Planting of 
oil palm on peat is always not a first option due to higher cost incurred and lower yields reported 
as compared to plantings on mineral soil. 
During period of low Crude Palm Oil (CPO) prices peat investors in Sarawak were the 
first to be affected owing to low initial yields and high cost to maturity.  Study by Veloo (2013) 
reported that cost to maturity on peat had escalated by 39% from USD5,420 ha-1 in 2007 to 
USD7,516 ha-1 in 2012.  These exclude land cost and capital expenditure.  The IRR (Investment 
Rate of Return) and the payback period would not be as attractive with the recent increases in 
development costs. 
 
Table 4.6.  Economic indicators of oil palm cultivation on peat as compared to other soil types. 
Type of 
Soil 
Description 
(Soil type) 
Cost of 
Development to 
Maturity in 
(RMha-1)  
Average 
Yield 
M t ha–1 
IRR% Payback 
Period 
(Years)  
EBITDA 
(RM ha–1)  
Peat Shallow peat 17,000.00 22 9.0–12.0 11.0–13.0 6,000–7,000  
Moderate peat 20,000.00 20 8.0–11.0 12.0–14.0 4,000–6,000  
Deep peat 23,000.00 18 7.0–10.0 13.0–15.0 3,500–4,500 
Mineral 
(Flat)  
Coastal 14,000.00 27 13.0–16.0 9.0–12.0 9,000–11,000 
Inland 16,500.00 25 14.0–17.0 9.0–11.0 8,000–10,000 
Sandy 22,000.00 16 7.0–9.0 14.0–18.0 4,000–5,500 
Hilly 
Terrain  
Deep Soils 
(>100 cm)  
14,500.00 24 13.0–15.0 10.0–13.0 8,000-10,000  
Lateritic (<50 
cm)  
16,500.00 20 9.0–12.0 13.0–16.00 7,000–9,000 
Source:  Veloo (2014) 
Note: * IRR-Investment Rate of Returns.  
 ** EBITDA-Earnings Before Interest, Tax, Depreciation and Amortization.  
 *** RM refers to Ringgit Malaysia (local currency) 1 USD is equivalent to RM3.50. 
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The other prime requisite for agricultural development of peatlands is the long term 
drainability of peat which is critical in determining the long-term sustainable economic returns 
for agriculture.  The underlying mineral subsoil should be at a positive gradient as compared 
to the existing drainage (e.g. river) allowing gravity flow of water to nearby rivers (MPOB, 
2005). Drainage of the peat depends on the hydraulic head gradient in a particular peatland.  
When drainability is not sustainable in the long run, the area will become waterlogged, oil palm 
growth will be adversely affected and the development will have to be abandoned unless high 
cost elaborate measures such as bunding and pumping are implemented. 
4.6.5.  Loss of biodiversity 
Tropical peat swamp forests support a rich variety of unique plant and animal species. 
Transformation of these forests to oil palm plantations always leads to a loss of biodiversity 
(Arina et al., 2013).  Among the various types of vegetation in peat swamp forests, some 
species have high economic value such as Jelutung (Dyera polyphylla), whose sap can be used 
in the production of chewing gum and many other products, and timber species such as Ramin 
(Gonystylus bancanus), Meranti (Shorea spp.), Kempas (Koompassia malaccensis), Punak 
(Tetramerista glabra), Perepat (Combretocarpus rotundatus), Pulai rawa (Alstonia 
pneumatophora), Terentang (Campnosperma spp.), Bungur (Lagastroemia spesiosa), and 
Nyatoh (Palaquium spp.) (Giesen, 2004).  The impact of  this conversion include impact on 
200-300 fish species, including the world’s smallest fish (Paedocypris progenetica), 57 
mammal species and 237 bird species can be threatened or lost.  About 51% of the mammals 
and 27% of the birds are listed in the IUCN (International Union for Conservation of Nature 
and Natural Resources) red list of globally threatened species.  More than 60 species of 
vertebrate fauna are also listed as globally threatened.  These include the orang-utan (Pongo 
pygmaeus), proboscis monkey (Nasalis larvatus) and Sumatran rhinoceros (Dicerorhinus 
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sumatrensis), and endangered false gharial (Tomistoma schlegelii) which are sometimes found 
in the peatland areas (Veloo, 2010). 
Deforestation and the transformation to oil palm plantations in the tropics have 
therefore led to a high rate of species decline.  This loss is significant because the reductions 
in species diversity are considered to be irreversible.  
4.6.6.  Impact on peatlands community 
There are also views that oil palm plantations especially large scale estates have frequently 
been associated with negative social impacts on rural communities and indigenous people.  
Although oil palm frequently appears to improve income, it affects social relations and land 
ownership in rural areas in ways that may ultimately work against the well-being of the people. 
There are cases of human rights abuse by plantation companies especially during land 
acquisition and plantation development (Arina, 2013). 
Rural Sarawakian smallholders are not impoverished by oil palm development but they 
can suffer by the sale of their land during development.  The development of peatlands areas 
are reported to also affect the livelihood of tribal communities who depend largely on peat 
swamp forest for a living.  For example, the Penans are the main indigenous people living along 
the waterways and surrounding forests of the Tutoh, Limbang and Patah rivers region including 
peatswamp in Sarawak.  The majority of Penans practice animism.  Shifting cultivators by 
tradition, discarded their nomadic lifestyles when peat areas are developed and they were 
relocated to government settlements.  A message of the Penan community to the government 
shows the resentment of the indigenous people to deforestation including peatswamp forests as 
shown in the following message: 
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“We, the Penan people of the Tutoh, Limbang, and Patah Rivers regions, 
declare: Stop destroying the forest or we will be forced to protect it.  The 
forest is our livelihood. We have lived here before any of you outsiders came.  
We fished in clean rivers and hunted in the jungle. We made our sago meat 
and ate the fruit of the trees. Our life was not easy but we lived it contentedly.  
Now the logging companies turn rivers to muddy streams and the jungle into 
devastation. Fish cannot survive in dirty rivers and wild animals will not live 
in devastated forest.  You took advantage of our trusting nature and cheated 
us into unfair deals. By your doings you take away our livelihood and threaten 
our very lives.  You make our people discontent.  We want our ancestral land, 
the land we live off, back. We can use it in a wiser way.  When you come to 
us, come as guests with respect.  We, the representatives of the Penan people, 
urge you: Stop the destruction now.  Stop all logging activities in the 
Limbang, Tutoh, and Patah.  Give back to us what is properly ours.  Save our 
lives, have respect for our culture. If you decide not to heed our request, we 
will protect our livelihood. We are a peace-loving people, but when our very 
lives are in danger, we will fight back. This is our message.” (Mackenzie, 
1987). 
The Penans were hunters and gatherers obtaining the bulk of their food requirements 
from hunting, fishing and trapping of land and aquatic animals as well as collecting forest 
produce such as rattan and medicinal plants.  These days, many of these activities are still 
pursued but less intensively.  Wetland products provide an income supplement during difficult 
times and sometimes make the difference between survival and failure for these poor rural 
populations. Although their lifestyle has changed, the wetlands still hold important cultural and 
religious significance, often with large areas designated as spiritual or ancestral forests.  
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4.6.7.  Current sustainability schemes and oil palm cultivation 
The Brundlant (1987) definition of sustainability refers to development which meets the needs 
of the present without compromising the ability of future generations to meet their needs.  As 
the definition is too general for detailed application, issues related to economic development, 
environmental protection and enhancement, social development, human well-being and respect 
for cultural diversity are used as highlighted by Tahir and Darton (2010).  This is in line with 
the FAO’s (Food and Agricultural Organization) concept of sustainability for a cropping 
system where it must satisfy three basic conditions:  Environmentally Sound, Economically 
Viable and Socially Acceptable (Sharma, 2006). In the Malaysian palm oil industry, the 
primary tools applied are environmental management systems and life cycle assessment which 
relects the importance of environmental sustainability (Choong and Mc Kay, 2013). 
There are several sustainability schemes involving palm oil production.  The RSPO is 
a voluntary initiative to codify sustainable industry practices.  RSPO’s 8 main principles, 39 
criteria and 129 indicators reflect the strictest standards of sustainability in production of oil 
palm.  Generally RSPO principles are not in favour of peat development.  A recent development 
of Willmar’s (a prominent palm oil trader) policy of “No deforestation, No Exploitation and 
No Peat Policy” had added many new criteria to the RSPO standard.  
Noteworthy conditions include: 
(i) the non-use of peat of any depth; 
(ii) apparent agreement to the controversial 35 tonnes carbon ha-1 ceiling (implied by the 
statement:  “High Carbon Stocks” (HCS) will be protected); 
(iii) only young scrub and cleared/open land areas may be developed; 
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(iv) progressive greenhouse gas reductions (likely to affect palm oil waste management and 
the cultivation of existing peatland); and 
(v) the restoration and enrichment of forest and peatland. 
Other sustainability schemes include the Responsible Sourcing Guidelines (RSG) a 
voluntary scheme led by Nestle with Golden Agri-Resources on board, comprising RSPO 
standards plus no peatlands rule.  International Sustainability and Carbon Certification (ISCC) 
is basically to cater for producers selling bio-diesel to European Union and also not in favour 
of peat development.  Indonesian Sustainable Palm Oil (ISPO) is a mandatory scheme for 
Indonesia which exceeds RSPO on criteria for land use licensing.  Peatlands are regulated for 
1 to 3 m depth of peat.  Malaysian Sustainable Palm Oil (MSPO) is a Malaysian state-led, 
voluntary scheme with a standard certification approach.  Companies intending to carry out oil 
palm cultivation on peatlands need to apply for certification.  Compliance to elements of good 
agricultural practices are considered under the MSPO.  The MSPO ++ system advocates a 
35:35 principle where oil palm is grown in a country that complies to the principle where a 
country is deemed to be sustainable  if it maintains a 35%  land mass under forest and use of 
land for agriculture does not exceed 35%.  However, to what extent local sustainability 
standards will be accepted by EU (European Union) and other international buyers of palm oil 
remain disputable. 
There are many positive and negative impacts reported from oil palm cultivation on 
peatlands.  These impacts have created two schools of thought on whether to develop or 
conserve peatlands from oil palm cultivation. While most past studies may be generalised based 
on experiences, it will be useful to evaluate the impact of peat cultivation on a specific site 
where oil palm has been established on peatlands. 
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4.7.  Conclusion 
Peat can be generally used for industrial or energy purposes, environmental services and for 
agriculture including oil palm.  Climate, topography, wetness, physical soil conditions and soil 
fertility are the key factors considered for oil palm cultivation on any type of land. Best 
management practices are critical in the cultivation of oil palm on peat.  Views in support of 
oil palm cultivation on peatlands argue that it can contribute in meeting global demand for food 
and bio fuel.  It provides additional land for cultivation with the global decline of agricultural 
land. Cultivation of oil palm also enhances rural development, eradicating poverty and 
providing employment opportunities.  On the negative side cultivation of oil palm leads to land 
use change and deforestation in some cases. Carbon and greenhouse implication also attracts 
global attention and creates a negative impact on the global supply chain for sustainable 
products.  Issues are also raised on poor economic feasibility, loss of biodiversity and impact 
on peatlands community. Current sustainability schemes does not support oil palm cultivation 
on peatlands.  While there are arguments on knowledge gaps and inconsistencies on both the 
positive and negative views on peatlands cultivation, it will be useful to evaluate the impact of 
peat cultivation on specific sites where oil palm has been established. 
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5.1.  Introduction 
In their natural state tropical peat swamp forests are characterised by dense forest vegetation 
and thick (up to 20 m) peat deposits and a ground water table that is at or close to the peat 
surface throughout the year (Hirano et al., 2009).  This statement is not always true as the 
vegetation at the top of the dome is very sparse (Anderson, 1963).  Tropical peat soil constitutes 
over 8% (33-49 M ha) of the world's peat soils (Maltby and Immirzi, 1993) and 60% and 70% 
of tropical peat soils are found in Indonesia and Malaysia.  Land use changes by conversion of 
tropical peatland for agriculture are becoming more significant.  The state of Sarawak, 
Malaysia, registered an increase in the total planted oil palm area for example from 14,091 ha 
in 1975 to 839,748 ha in 2009 (Department of Statistics Malaysia, 2011).  The increasing use 
of peatland for agriculture has often resulted in increase in fires and greenhouse gas (GHG) 
emissions. 
Therefore there is a need for more scientific studies and appropriate methods for their 
sustainable management (Silvius and Giesen, 1996).  Shier (1985) raised the issue of lack of 
studies on tropical peat resources as compared to studies of peat resources in temperate zones, 
which have been well surveyed, classified and quantified.  Page et al. (2007) have reported that 
in the twenty year period since that alert, the level of investigation and documentation of this 
important resource has not made significant progress.  Consequently, very few publications on 
the mapping and classification of tropical peats are available (Andriesse, 1988; Yonebayashi et 
al., 1992).  Despite major differences in ecological regime, structure, texture and composition 
among tropical peat deposits and between tropical peat deposits and their temperate 
counterparts, peat classifications developed in humid temperate regions are commonly used for 
classification of tropical peat deposits.  Wüst et al. (2003) explained that existing classification 
systems (including Von Post system) used for temperate and boreal peat deposits in temperate 
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regions fail to fully characterise tropical peat.  This is due to the fact that temperate and boreal 
peats are often dominated by bryophytes and shrub whereas tropical peatland in contrast have 
various tree species with root penetration to several metres.  Rate of biomass production and 
decomposition is high resulting from decaying roots and root exudates.  Wüst et al. (2003) 
further highlighted the need for a new classification system for tropical peat as most current 
classification systems had failed to describe tropical peat.  International schemes such as Soil 
Taxonomy – Eleventh Edition (Soil Survey Staff, 2010) and the World Reference Base for Soil 
Resources (FAO, 2006) and its recent update IUSS WRB 2014 fail to adequately describe and 
address the differences in tropical peats, especially in relation to their inherent physical 
properties.  Field classification is critical in the evaluation of peatland for environmental, 
geological, geotechnical, agricultural, horticultural or energy purposes (Kivinen, 1980).  
Therefore, a revisit to the subject of peat classification in the tropics is both timely and justified 
to minimise the differences and improve the existing knowledge in the area of peat 
classification and enhancing the practical usefulness of the knowledge.  The USDA 
classification system and the WRB have failed because both do not provide criteria to define 
peats at family series and phase mapping levels for tropical peat areas. 
In an attempt to rectify this failure, Paramananthan (1998, 2010a) has modified the 
USDA system to suit local conditions.  The original Malaysian classification system by 
Paramananthan (1998) was mentioned in the study by Wüst et al. (2003) for evaluation of 
tropical peat in Tasik Bera, Malaysia and this system had been further modified in 2010.  The 
Malaysian Soil Taxonomy was developed using the same principles of the USDA’s Soil 
Taxonomy i.e. for use in  mapping and interpreting soil surveys.  As such it uses morpho-
genetic criteria which we see in the field.  However, in tropical countries in Southeast Asia, 
basically being agricultural based countries, the emphasis is on criteria which affect agricultural 
use.  This is not like those of temperate peats where the study objectives maybe for coal 
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formation and or mining of the peat.  Thus the Malaysia classification uses criteria present 
mostly within 150 cm as these will affect the crop.  However if we are looking at mining the 
peat or coal formation as in Ireland or Canada, we may need look at much deeper layers.  There 
should be a balance between conservation and development – particularly when good 
agricultural land is scarce at a global scale.  Thus the Malaysian peat classification modifies 
the Soil Taxonomy (USDA) to suit local conditions and can be applied to most tropical lowland 
peats.  The Malaysian classification system was tested in Malaysia and Indonesia and it appears 
to work well.  A total of 700,000 ha of tropical lowland peat in Southeast Asia were evaluated 
and mapped using the system to date.  
The purpose of this study is to analyse this latest classification system presented in the 
Malaysian Soil Taxonomy – Revised Second Edition (Paramananthan, 2010a) and to evaluate 
its applicability for classification of tropical peats in Sarawak, comparing it with the 
international systems of the USDA Soil Taxonomy and the WRB.  The study will further 
suggest that some of the criteria be used to improve the USDA Soil Taxonomy and the WRB 
for tropical peatland mapping.  The practical usefulness of this Malaysian classification in 
making major land use decisions for oil palm cultivation will also be explored. 
5.2.  Materials and methods 
The initial approach was to study the existing information available on estates already planted 
with oil palm on peats in the in Sibu Sarawak, Malaysia.  An area of about 11,970 ha was 
selected in an area already planted with oil palms and where the palms are now matured.  A 
reconnaissance soil map of the estates in the region at a scale of 1:125,000 published by the 
Department of Agriculture, geological and vegetation maps were studied.  A semi-detailed soil 
survey using an intensity of one auger examination point for every 20 hectares was carried out 
using a system of free traversing for the whole area involved.  At each examination point the 
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soil was examined using Maculay peat auger and Jerret soil auger to a depth of 125 cm or to 
the underlying mineral subsoil layer.  A pole with a notch was often used to determine the 
depth to the mineral substratum and to identify its nature.  Soils were sent to laboratory for 
analysis as shown in Appendix 2. 
This is then followed by a literature review of the three classification systems i.e. WRB, 
USDA classification system and the Malaysian Soil Taxonomy.  Differences of the 
classification systems as shown in Table 5.1 and its practicality for field applications were 
explored.  The objective was to compare the criteria used at the different categoric levels of the 
three systems.  The lower the categoric level, the more criteria are used.  It is also pertinent to 
note that in the USDA’s Soil Taxonomy, the family criteria used are selected on their usefulness 
for interpreting the soil data for agricultural uses.  On the other hand the WRB is  for providing 
maps on a global scale.  To test the usefulness of the three classifications five peat profiles 
mapped to the phase level in Sarawak, Malaysia were selected as shown in Table 5.2.  The five 
peat profiles were selected based on their varying nature of physical characteristics of soils 
(Linggi, Baram, Kenyana. Naman and Bayas) as shown  in Appendix 2.  Linggi is moderately 
deep sapric with no wood and with underlying mineral marine clay.  Baram is moderately deep 
sapric with no wood but with underlying mineral sand.  Kenyana is sapric with underlying 
mineral marine clay but with undecomposed wood at 50-100 cm depth.  Naman is sapric with 
no wood at 0-100 cm and with underlying marine clay and Bayas is with decomposed wood in 
the 50-100 cm depth and with underlying marine clay but with hemic material.  The soils 
selected were then classified and the classifications compared using the Malaysian Soil 
Taxonomy, USDA’s Soil Taxonomy and the WRB.  The study presents a detailed comparison 
of the Malaysian Soil Taxonomy to the WRB and the USDA Soil Taxonomy to evaluate the 
adequacy of the three systems for description and classification and detailed mapping of the 
soils. 
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5.3.  Results and discussion 
5.3.1.  Differences in criteria used in the classification of organic soils 
A comparison of the criteria used in the three classifications, WRB (FAO, 2006), Keys to Soil 
Taxonomy, Eleventh Edition (Soil Survey Staff, 2010) and the Malaysian Soil Taxonomy – 
Revised Second Edition (Paramananthan, 2010a) is given in Table 5.1.  All three systems have 
the same definition of organic soil material (OSM).  The Malaysian classification has an 
additional criterion of loss on ignition of 65% as this has historical significance.  All the three 
classifications also define fibric, hemic and sapric materials using the rubbed fibric content, 
but the amounts (1/3, 2/3) used in the Malaysian system differ from those used in Soil 
Taxonomy (3/4, 1/6) and in the WRB system (3/4, 1/6).  Among the kinds of organic matter 
that can be found in peat soils, wood has not been considered in the WRB.  Both the Malaysian 
system and Soil Taxonomy define a control section, but use different depths; the WRB does 
not define a control section.  Further differences appear when the classification systems are 
compared (Table 5.1).  The WRB has only 3 levels:  Reference Soil Groups and Prefix and 
Suffix qualifiers which is now changed to Principal and Supplementary Qualifiers in IUSS 
WRB (2014).  Soil Taxonomy and the Malaysian Soil Taxonomy each has seven categorical 
levels – Order, Suborders, Great Groups, Subgroups, Family, Soil Series and Phase.  The 
criteria used at different levels differ, e.g. Suborders and Great Groups.  For example, the 
USDA Soil Taxonomy applies the nature of the OSM at the suborder level while the Malaysian 
system applies it at the subgroup level.  Depth – Ombro and Topo are used to distinguish Great 
Groups in the Malaysian system but not in the other two systems.  Although criteria such as 
particle size class and mineralogy are defined in Soil Taxonomy for use at the family level, 
these criteria are only used for Terric subgroups.  No clear criteria have been proposed in the 
USDA Soil Taxonomy for use at the soil series and phase levels for other subgroups.  While 
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Table 5.1.  Comparison of criteria used for organic soils in World Reference Base (FAO, 2006), Keys to Soil Taxonomy (Soil Survey Staff, 2010) and Malaysian 
Soil Taxonomy (Paramananthan, 2010a). 
Soil characteristics World Reference Base (FAO, 2006) Keys to Soil Taxonomy – Eleventh Edition (Soil 
Survey Staff, 2010) 
Malaysian Soil Taxonomy – Revised 
Second Edition 
(Paramananthan, 2010a) 
1.  Kinds of organic soil materials 
a) Definition of organic soil 
material (OSM) 
▪ Not saturated >20% organic carbon = 
(O.C.) 
▪ Saturated >18% O.C. if clay is 60% 
or more. 
▪ Or more than 12% O.C. if clay is zero 
% 
▪ Not saturated >20% O.C. 
▪ Saturated >18% O.C. if clay is 60% or more. 
▪ Or more than 12% O.C. if clay is zero % 
▪ Not saturated >20% O.C. 
▪ Saturated >18% O.C. if clay is 60% or 
more. 
▪ Or more than 12% O.C. if clay is zero 
%. 
▪ >65% loss on ignition. 
 
b) Kinds of OSM Fibric material: 
≥2/3 fibres after rubbing or 
≥2/5 after rubbing and yield colour 
values 7/1, 7/2, 
8/1, 8/2 on chromatographic paper 
 
Sapric material: 
<1/6 fibre after rubbing and colour 
value to right of 
5/1, 6/2 and 7/3 
 
Hemic material: 
1/6–2/3 fibres after rubbing. 
Intermediate between Fibric/sapric. 
Wood: 
Wood not defined. 
Not used. 
Fibric material: 
≥3/4 fibres after rubbing or 
≥2/5 after rubbing and yield colour values 7/1, 7/2, 
8/1, 8/2 on chromatographic paper 
 
 
Sapric material: 
<1/6 fibre after rubbing and colour value to right of 
5/1, 6/2 and 7/3 
 
 
Hemic material: 
1/6–2/3 fibres after rubbing. 
Intermediate between Fibric/sapric. 
Wood: 
Coarse fragment. 
>2 cm diameter. 
Fibric material: 
>2/3 fibres after rubbing 
 
 
 
 
Sapric material: 
<1/3 fibres after rubbing. 
 
 
 
Hemic material: 
1/3–2/3 fibres after rubbing. 
 
Wood: 
>2 cm diameter 
▪ Undecomposed wood. 
▪ Decomposed. 
 
c) Control section Not defined. Sphagnum/moss: 
160 cm (60 + 60 + 40). 
Others: 130 cm (30 + 60 + 40). 
150 cm (50 + 50 + 50). 
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Table 5.1.  (continued) 
Soil characteristics World Reference Base (FAO, 2006) Keys to Soil Taxonomy – Eleventh Edition (Soil 
Survey Staff, 2010) 
Malaysian Soil Taxonomy – Revised 
Second Edition 
(Paramananthan, 2010a) 
2.  Classification    
Definition of Soil 
Group – Histosols 
Soil Group – Histosols 
Cumulative within 100 cm of the soil 
surface 
≥ 60 cm thick if 75% (vol) is moss 
fibres. 
Others 40 cm more thick. Starting 
within 40 cm of 
soil surface. 
 
Order – Histosols 
60 cm or more if bulk density ≤ 0.1 moss fibres N 3/4 
40 cm or more if sapric/hemic or fibric materials with 
less than 3/4 moss fibres and bulk density 
≥0.1 
 
 
Suborders 
Folists – well drained. 
Fibrists – poorly drained, more fibric material in 
subsurface tier, no sulphidic/sulfuric material. 
Saprists – more sapric material on subsurface tier. 
Hemists – others. 
 
Great group 
e.g. Haplosaprists/Haplohemists/Haplofibrists 
Sulphidic materials within 100 cm – Sulfihemist. 
Sulfuric horizon within 50 cm – Sulfohemist. 
Haplohemist/Haplosaprists. 
 
Subgroups 
Central concept/integrades/extragrades 
e.g. Haplosaprist – lithic/terric/hemic/typic. 
Terric = Mineral layer >30 cm within control section, 
below surface tier. 
Order – Histosols 
Minimum cumulative thickness ≥ 50 cm 
within 100 cm or 
more than half the solum if less than 100 
cm. 
 
 
Suborders 
Folist – well drained. 
Gambist – poorly drained. 
 
 
 
 
Great group 
Ombrogambist >150 cm thick 
Topogambist 50–150 cm thick 
 
 
 
Subgroups 
Nature of subsurface tier (50–100 cm) 
e.g. fibric/hemic/sapric/typic/sulphidic 
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Table 5.1.  (continued) 
Soil characteristics World Reference Base (FAO, 2006) Keys to Soil Taxonomy – Eleventh Edition (Soil 
Survey Staff, 2010) 
Malaysian Soil Taxonomy – Revised 
Second Edition 
(Paramananthan, 2010a) 
2.  Classification    
Definition of Soil 
Group – Histosols 
Prefix qualifiers 
e.g. folic, fibric, hemic, sapric 
 
 
 
 
Suffix qualifiers 
e.g. thionic, dystric, eutric, drainic 
Family 
Specific criteria important to plant growth – only 
defined for Terric Sub-Groups e.g. particle size, 
mineralogy, reaction class, soil temperature regime, 
soil depth classes. 
 
Soil series 
Other properties (Not defined) 
 
 
 
 
 
Phase 
Not defined. 
Family 
Nature of substratum e.g. marine clayey. 
Soil temperature regime e.g. 
isohyperthermic 
 
 
Soil series 
Presence/absence of wood; 
decomposed/undecomposed e.g. 
non-woody/wood undecomposed. 
Origin of organic deposit 
(autochthonous/allochthonous) 
 
Phase 
e.g. nature of surface tiers; ash content, 
reaction class, salinity 
class, depth phases, drained/undrained. 
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clear criteria such as the presence or absence and nature of wood are used in the Malaysian 
classification, they are not used in the other two systems. 
5.3.2.  Comparison of the classifications of selected peat soils 
In order to interpret and manage agricultural crop and to make decisions on land conservation 
and control of GHG emissions, it is necessary to map the soils at the phase level so that any 
criteria that affect yield and management and GHG emissions can be identified and mapped.  
Thus the crucial level of mapping used in Malaysia is the soil series and phase.  The soil series 
and phases used for soil mapping in Malaysia are based on the Malaysian Soil Taxonomy – 
Revised Second Edition (Paramananthan, 2010a) and the Keys to the Identification of 
Malaysian Soils Using Parent Materials (Paramananthan, 2010b).  In order to compare the 
usefulness of the three classifications the five profiles (Naman, Kenyana, Linggi, Bayas and 
Baram) were selected and analysed (Appendix 1) and classified (Table 5.2a and b).  This table 
indicates that the WRB (FAO, 2006) can only differentiate these soils by using the Prefix 
qualifiers – sapric (4) and hemic (1).  Even at the Suffix qualifiers level, the WRB cannot 
clearly differentiate the five soils mapped. 
The USDA’s Soil Taxonomy distinguishes the shallow (50-100 cm) and moderately 
deep (100-150 cm) organic soils of Malaysia from the deep and very deep soils.  The two 
shallow soils both belong to the Terric subgroups and subsequently can be further separated at 
the soil series level using the particle size class and mineralogy classes of the Terric layers 
which occur between 90 and 130 cm depths.  In the case of deeper soils (>150 cm) – non-Terric 
subgroups, the USDA Soil Taxonomy does not define criteria for use at lower categoric levels.  
The Malaysian system clearly differentiates the deep Ombro (>150 cm) from the shallow to 
moderately deep – Topo (50-150 cm) at the Great Group level.  The presence/absence and 
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Table 5.2a.  Classification of the soils in the IUSS working Group WRB (2006, 2014). 
IUSS Working Group WRB 2006 
Categoric Level 
Soil Series/depth phase 
Linggi Series/mod. deep Baram Series/mod. deep Naman Series/very deep Kenyana Series/very deep Bayas Series/very deep 
Reference Soil Group HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS 
Prefix Qualifier Sapric Sapric Sapric Sapric Hemic 
Suffix Qualifier Dystric 
Drainic 
Dystric 
Drainic 
Dystric 
Drainic 
Dystric 
Drainic 
Dystric 
Drainic 
IUSS Working Group WRB 2014 
Soil Series 
Soil Series/depth phase 
Linggi Series/mod. deep Baram Series/mod. deep Naman Series/very deep Kenyana Series/very deep Bayas Series/very deep 
Reference Soil Group HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS 
Principal Qualifier Sapric 
Dystric 
Drainic 
Sapric 
Dystric 
Drainic 
Sapric 
Dystric 
Drainic 
Sapric 
Dystric 
Drainic 
Hemic 
Dystric 
Drainic 
 
Supplementary Qualifier Non applicable Non applicable Hyperorganic Hyperorganic Hyperorganic 
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Table 5.2b.  Comparison of the Classification of the Soils USDA Soil Taxonomy and the Malaysian Soil Taxonomy. 
Categoric 
Level 
Keys To Soil Taxonomy – Eleventh Edition (Soil Survey Staff, 2010) Malaysian Soil Taxonomy Revised Second Edition (Paramananthan, 2010a) 
Linggi 
Series/mod. 
deep 
Baram 
Series/mod. 
deep 
Naman 
Series/very 
deep 
Kenyana 
Series/very 
deep 
Bayas 
Series/very 
deep 
Linggi 
Series/mod. 
deep 
Baram 
Series/mod. 
deep 
Naman 
Series/very deep 
Kenyana 
Series/very deep 
Bayas 
Series/very deep 
Order HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS HISTOSOLS 
Suborder Saprists Saprists Saprists Saprists Hemists Gambists Gambists Gambists Gambists Gambists 
Great 
Group 
Haplosaprists Haplosaprists Haplosaprists Haplosaprists Haplohemist Topogambists Topogambists Ombrogambists Ombrogambists Ombrogambists 
Sub-
Group 
Terric 
Haplosaprists 
Terric 
Haplosaprists 
Typic 
Haplosaprists 
Typic 
Haplosaprists 
Typic 
Haplohemist 
Sapric 
Topogambists 
Sapric 
Topogambists 
Sapric 
Ombrogambists 
Sapric 
Ombrogambists 
Hemic 
Ombrogambist 
Family Dysic, clayey, 
mixed, 
isohyperthermic 
Dysic, sandy, 
siliceous, 
isohyperthermic 
Dysic 
Not applicable 
Dysic 
Not applicable 
Dysic 
Not applicable 
Marine-clayey, 
isohyperthermic 
Sapric 
Topogambist 
Marine-sandy, 
isohyperthermic 
Sapric 
Topogambist 
Marine-clayey, 
isohyperthermic, 
Sapric 
Ombrogambist 
Marine-clayey, 
isohyperthermic, 
Sapric 
Ombrogambist 
Marine-clayey, 
isohyperthermic, 
Hemic 
Ombrogambist 
Soil Series Criteria not 
applicable 
Criteria not 
applicable 
Criteria not 
applicable 
Criteria not 
applicable 
Criteria not 
applicable 
Non-woody, 
autochthonous 
Non-woody, 
autochthonous 
Non-woody, 
autochthonous 
Wood-
undecomposed 
Wood-
decomposed 
Phase Not applicable Not applicable Not applicable Not applicable Not applicable Sapric, drained, 
dysic, non-
saline, low ash, 
moderately deep 
Saric, drained, 
non-saline, low 
ash, moderately 
deep 
Sapric, drained, 
non-saline, low 
ash, dysic, 
drained, very 
deep 
Sapric, drained, 
non-saline, low 
ash, dysic, 
drained, very 
deep 
Sapric, drained, 
non-saline, low 
ash, dysic, 
drained, very 
deep 
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Table 5.3a.  Keys to the identification of shallow and moderately deep Lowland Peats (Gambists). 
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Marine Clay Sulphidic 
(>15% clay) 
PENOR BAKRI MERAPOK 
Penor   Nipis Bakri   
Merapok 
Mahat 
 
Marine Clay 
(>15% clay) 
LINGGI MUKAH BINO 
Linggi Telok Buloh Trus  Mukah Epai  Bino  
Marine Sand Calcareous 
(<15% clay) 
MENGALUM   
Mengalum         
Marine Sand Sulphidic 
(<15% clay) 
LONG PUTAT   
Long Putat         
Marine Sand 
(<15% clay) 
BARAM  IGAN 
Baram Kabala Simalau     Igan  
Riverine/Colluvial Clay 
(>15% clay) 
ERONG GALI CHANGKAT LOBAK 
Erong   Tasik Gali  Changkat Lobak   
Riverine/Colluvial Sand 
(<15% clay) 
 PAK BONG  
   Pak Bong      
KEY:    BAYAS     Soil Family Luk  =  allochthonous 
      Bayas Soil Series 
      Bayas       Used for study 
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Table 5.3b.  Keys to the identification of deep and very deep Lowland Peats (Gambists). 
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Marine Clay Sulphidic 
(>15% clay) 
PRIMALUCK PONTIAN KLIAS 
Primaluck  Teraja  Pontian  Arang 
Klias 
Luk 
 
Marine Clay 
(>15% clay) 
NAMAN BAYAS ANDERSON 
Naman Retus Kenyana  Bayas Gedong   Anderson 
Marine Sand Calcareous 
(<15% clay) 
   
         
Marine Sand Sulphidic 
(<15% clay) 
   
         
Marine Sand 
(<15% clay) 
TELONG ADONG  
 Telong Suai  Adong Alan    
Riverine/Colluvial Clay 
(>15% clay) 
LIKU GONDANG SALLEH 
Liku  Karap  Gondang Taniku  Salleh Tinjar 
Riverine/Colluvial Sand 
(<15% clay) 
KABOK   
 Kabok        
KEY:    BAYAS     Soil Family Luk  =  allochthonous 
      Bayas Soil Series 
      Bayas       Used for study 
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nature of wood which greatly affects the performance of crops are criteria applied at the soil 
series level.  Thus the classification which includes the presence/absence of wood and its stage 
of decomposition is helpful for investors to make a decision on land use and suitability for oil 
palm cultivation.  It is clear from Tables 5.2 and 5.3 and the discussion above, that the 
Malaysian Soil Taxonomy – Revised Second Edition (Paramananthan, 2010a) and the Keys to 
the Identification of Malaysian Soils Using Parent Materials (Paramananthan, 2010b) currently 
used in Malaysia better classifies and assists the mapping and description of tropical peats.  
Current international systems such as the WRB (FAO, 2006), the IUSS WRB 2014 and the 
Keys to Soil Taxonomy – Eleventh Edition (Soil Survey Staff, 2010), were developed using 
temperate peats and are less useful in soil mapping of tropical peats.  This supports the earlier 
findings of Wüst et al. (2003).  Therefore, there is a need to modify or incorporate some of the 
elements such as the presence or absence and nature of wood to improve the international 
systems.  The wood in tropical peats is similar to skeletal grains (e.g.  petroplinthite gravels) 
of mineral soils.  Where such skeletal grains occur in mineral soils these are recognised at the 
family level as for example clayey skeletal or clayey over clayey skeletal depending on the 
depth at which the coarse fragments occur.  Hence such criteria can also be used in peat soils 
e.g. woody sapric or sapric over woody sapric. 
Both the Soil Taxonomy and WRB are considered global classifications.  In the Soil 
Taxonomy if the mineral layers occur within the control section (130 cm) then the soil is 
classified as a Terric Sub-Group e.g. Baram Series and Linggi as used in this chapter.  For 
Terric Sub-groups the particle-size class, and mineralogy are determined using the underlying 
Terric material.  This clearly ignores the upper say 100 cm of organic soil material on which a 
crop will be planted and managed on tropical peat.  For the deep peats (>150 cm) little or no 
criteria are proposed to define families, series and phases in both the Soil Taxonomy and WRB. 
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5.3.3.  Usefulness of the Malaysian Classification System 
The depth of the peat and the presence of wood, and to what extent it is decomposed is not 
emphasised or used in both the Soil Taxonomy and WRB systems which are considered global.  
Hence the inclusion of these criteria in the global classification will upgrade these systems 
without upsetting the classification of temperate peats and will improve both the soil taxonomy 
and WRB and make it applicable for both temperate and tropical peats.  The presence of wood 
in a soil is one of the criteria which determines whether a particular piece of land should be 
selected for agriculture or left for conservation.  Peatland showing the presence of 
undecomposed wood say within 1 m depth should be left for conservation instead of developing 
it for agriculture.  This will meet the global call for peatland conservation. 
The presence or absence and nature of wood which greatly affect the performance of 
crops are used at the soil series level.  The presence of wood affects growth and yield for 
agricultural crop such as oil palm when roots get in contact with wood material resulting in 
poor uptake of nutrients and pre-mature desiccation of fronds (Mathews and Clarence, 2004).  
The presence of wood also encourages termite infestation which is detrimental to perennial 
crop like oil palm (Tayeb, 2005). Wood on peat surface will also result in higher cost for 
mechanical removal of stumps and wood during early development stages (Paramananthan, 
2013).  This will also have an impact on the payback and IRR  on any crop planted on the land.  
The classification which includes the presence/absence of wood and its stage of decomposition 
will be helpful in the conservation of peatlands in the first place and remaining areas can be 
considered for cultivation.  Thus this will be helpful for both the environmentalist and investors 
to look into wise use of peatland before unsuitable lands are cleared and then abandoned.  
However, if there is no wood or decomposed wood is present within the surface 150 cm depth, 
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food crops such as oil palm can be cultivated.  This will however be subjected to other factors 
such as the economics of planting on the various types of organic soils. 
GHG measurement on organic soils will also need to be evaluated.  Of the world’s 13.4 
billion ha of land surface about 3 billion ha is suitable for crop cultivation and about 1.4 billion 
ha is already cultivated.  The remaining potentially cultivable areas are believed to be under 
tropical forest and said to be highly sensitive to conservation and environmental issues such as 
tropical peatland.  It will be useful to identify new lands on a selective basis for agriculture and 
food production at a global scale in line with the increase in global human population which is 
projected to grow from 8 billion in 2025 and 10 billion by 2050 (Moran, 2011).  This will 
complement efforts of increasing global food production through improvement of land 
productivity per unit area by way of agricultural intensification. 
Areas identified as not suitable for agriculture through soil survey and with the above 
classification system can be left for conservation.  This will lead to selective development of 
peat for agriculture rather than an indiscriminate approach to peat development as currently 
being practised.  Indiscriminate development on peat will result in peat swamp destruction 
which can lead to loss of biodiversity, loss of habitat for wildlife, disturbance of the 
hydrological cycle and reduction in water supply, increased rates of oxidation and compaction, 
modification of micro-climate due to logging of peat forest, increased run-off and erosion and 
reduction in climate stabilization function (Phillips, 1997).  Current classification system for 
organic soils cannot differentiate the different types of peat to do this.  Global deforestation is 
estimated to be at a rate 3.6 million ha annually for agriculture and forestry expansion (Lian et 
al., 2011).  This can be addressed through conservation strategies of peat swamp forest by using 
the improved soil classification system. 
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The use of the new classification system will answer the call for sustainable 
management of peat through scientific work and observation as highlighted by Silvius and 
Giesen (1996).  This can be carried out by excluding peatland with undecomposed wood close 
to the surface for purpose of conservation instead of agriculture.  By 2010, there were 2.3 
million ha of peat swamp forest worldwide cleared and left as degraded land.  The latest 
classification system will be useful in identifying areas which are suitable for reforestation by 
looking into areas which has high surface wood on a logged over peat forest.  The area can be 
avoided from crop cultivation and revived through planting of suitable forest and determing 
the best management practices to be used.  Unsuitable areas can be left for conservation.  This 
will have the potential in  partly reviving the peat ecosystem on degraded land. 
The emphasis on wood below soil surface and its nature whether decomposed or 
undecomposed is important as wood plays a very important role in GHG emission.  GHG 
emission is determined by three factors i.e. quantity of carbon stored in peat, degree of drainage 
of peatland which oxidises the peat and releases carbon dioxide and large emissions of carbon 
dioxide caused by fires.  Strack (2008) estimated that 30 million ha of peatland in the world is 
used for agriculture, another 15 million ha for forestry while less than 5 million ha is mined.  
Oleszczuk et al. (2008) estimated average emission of temperate and boreal regions at 15,944 
kg ha−1 yr−1  of carbon dioxide.  Friends of the Earth (2008) estimated a mean carbon dioxide 
emission at 70,000 kg ha−1 yr−1 for tropical peat which is 1.5–4.5 times more than temperate 
regions when peatland is drained.  The large amount of CO2
 emission from tropical peat has 
been challenged by Melling (2010) where the method of extrapolating CO2 emission for 
tropical peat based on experience and results of temperate peat were questioned.  Similarly, 
uncertainties regarding GHG emissions from tropical peatland were also pointed out by 
Vasander and Jauhiainen (2008).  Undecomposed logs and large pieces of wood fragments are 
recalcitrant carbon which are not easy to breakdown or decompose.  The presence of wood 
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within profiles also creates voids which are filled with water or air which will result in lower 
bulk densities and higher carbon stocks. Amount of wood will also determine the biomass 
available to fuel peat fires which is also a large contributor of GHG emission.  Hard wood is 
recalcitrant and contributes to low GHG emissions.  The Malaysian and Indonesian peats 
mostly have sapric material with no wood in the upper 50 cm and hence should have lower 
GHG emissions.  Lack of detail characterisation of peat is probably one of the important 
reasons why conflicting data on GHG emissions of tropical peats are reported.  The recognition 
of wood and its nature in the Malaysian classification system and its application for field soil 
surveying on peat will reopen a new frontier for research on values of greenhouse emission for 
tropical peat. 
5.4.  Conclusion 
Tropical lowland peats have a distinctly different morphology compared to temperate and 
boreal peats.  Tropical peat deposits often form peat domes having a discoidal shape and have 
logs and wood within their profiles.  Using five soil series mapped at phase level in Malaysia, 
the study has shown that the current international peat classifications such as the World 
Reference Base (FAO, 2006) and the Keys to Soil Taxonomy (Soil Survey Staff – Eleventh 
Edition, 2010) do not adequately characterise and differentiate tropical lowland peats.  The 
Malaysian classification system does a better job.  There is therefore a need to modify and 
incorporate some elements from the Malaysian peat classification system into the international 
peat classifications systems.  The Malaysian classification system also helps in determining 
land use and management decisions for agriculture development and conservation. 
Selective development of peatland reduces stress on land shortage for food production 
in line with the increase in global population.  Conservation on the other hand reduces the 
impact of global deforestation and improves sustainable management of peatland through 
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reforestation.  Inclusion of the wood criteria to peat classification system will further enhance 
research on GHG emission as wood fragments do play an important role as recalcitrant carbon 
and carbon emission. 
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6.1.  Introduction 
Peatland cover an estimated area of 400 million hectares or equivalent to 3% of Earth’s land 
surface.  Tropical peatlands which is in the range of 30-45 million ha which is 10-12% of the 
global peatland resource (Rieley et al., 1996; Maltby and Immirzi, 1993).  Wise use of tropical 
peatlands had been emphasised taking into considerations the trade-offs between development 
and conservation (Rieley and Page, 2005).  While perennial crop cultivation such as oil palm 
on peatlands can be seen as a solution for rural development, peatlands conservation has also 
attracted global attention especially from a climate change perspective.  The 2013 Supplement 
to the 2006 IPCC (Intergovernmental Panel on Climate Change) Guidelines for National 
Greenhouse Gas Inventories: Wetlands – Methodological Guidance on Lands with Wet and 
Drained Soils, and Constructed Wetlands for Wastewater Treatment (Wetlands Supplement) – 
provides new and supplementary guidance on estimating and reporting greenhouse gas 
emissions and removals from lands with organic soils and with wet mineral soils in Wetlands 
and other land-use categories with these soil types that are subject to human activities (IPCC, 
2014).  The yield viability and economic feasibility of peatlands cultivation for agricultural 
crops such as the Mega Rice Project in Central Kalimantan where one million hectares of 
peatlands  was converted for rice cultivation that failed had been questioned (Muhamad and 
Rieley, 2001).  There are also views that Best Management Practices (BMP) should be used to 
improve yield for cultivation of crops such as oil palm on peatlands (Fairhurst, 2009). 
Currently, the yield economics of oil palm cultivation on peatlands are commonly 
related to two major issues.  Firstly land selection taking peat depth and drainability into 
consideration and secondly BMP which are implemented after initial land development.  Depth 
is related to whether the soils are shallow (50-100 cm), moderately deep (100-150 cm), deep 
(150-300 cm) and very deep (>300 cm) (Paramananthan, 2013). Drainability refers to 
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sustainable drainage conditions where long term sustainable drainage in relation to the depth 
of underlying mineral substratum to the river water levels are considered.  Tie and Melling 
(1999) identified four classes (good, moderate, poor and very poor) of drainage differentiating 
gravity drainage as against the tidal cycle of nearby rivers after the surface peat had subsided.  
The land selection criteria used for the development of tropical peats for agricultural 
development were its depth and drainability (Tie and Melling, 1999; Paramananthan, 1987).  
As such, many important tropical peat soil characteristics such as peat maturity, the presence 
or absence of wood, nature of wood (decomposed or undecomposed) and the nature of the 
underlying mineral substratum were not used in their mapping, classification and in their land 
suitability evaluation (Paramananthan, 2014a).  Consequently current soil mapping and 
classification systems such as the Keys to Soil Taxonomy (Soil Survey Staff, 2010) and the 
World Reference Base for Soil Resources (FAO, 2006) which were developed for temperate 
peats also do not recognize the presence of wood and hence cannot be fully used in the tropics 
(Wüst et al., 2003).  This is due to the fact that temperate and boreal peats are often dominated 
by bryophytes and shrub whereas tropical peatlands in contrast have various tree species with 
root penetration to several metres.  Rate of biomass production and decomposition is high 
resulting from decaying roots and root exudates. 
The objective of this paper is to explore the impact of peat soil type and its physical 
properties on oil palm yield.  This study tests the hypothesis that  peat soil type and physical 
soil properties such as peat maturity, presence of wood, degree of wood decomposition and 
nature of underlying substratum and depth affects oil palm yield.  
6.2.  Materials and methods 
The initial approach was to study the existing information available on estates already planted 
with oil palm on peats in Sibu Sarawak, Malaysia.  An area of about 11,970 ha was selected in 
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an area already planted with oil palm and where the palms are now matured.  A reconnaissance 
soil map of the estates in the region at a scale of 1:125,000 published by the Department of 
Agriculture, geological and vegetation maps were studied.  A semi-detailed soil survey using 
an intensity of one auger examination point for every 20 hectares was carried out using a system 
of free traversing for the whole area involved.  At each examination point the soil was examined 
using Maculay peat auger and Jerret soil auger to a depth of 125 cm or to the underlying mineral 
subsoil layer.  Augering was carried out up to 125 cm and a pole with a notch was used to 
check depth of mineral substratum and extract the mineral substratum below the peat layers.  
Field examination on texture was carried out to determine the type of soil (mineral clay or 
sand).  Soils were sent to laboratory for analysis and results are as shown in Appendix 2.  
Soils were described and identified using the Malaysian Soil Taxonomy Revised 
Second Edition (Paramananthan, 2010a) and Keys to Identification of Malaysian Soils 
(Paramananthan, 2010b).  The classification of the soils was also compared with the USDA 
Soil Taxonomy (Soil Survey Staff, 2010) as an equivalent classification for purposes of 
international comparison. 
Following the semi-detailed soil survey, a  randomized design involving fields of five 
types of soils i.e. Naman, Telong, Bayas, Gedong and Bako  were selected with a plot size of 
between 60-110 ha.  All the soils are within the same study area except for Telong series which 
is outside the boundary of the study site.  Telong series were selected as it has a sandy mineral 
substratum which is an interesting characteristics to be studied in this research.  All other soils 
selected only has mineral clay substratum. Uneven replications of four to six plots for each 
type of soil were used in the study.  For a fair comparison of the different soils, replicate size 
of 60-110 ha, fields with same age of planting (14 years old) and same type of planting material 
were selected for the above purpose. Planting densities of all the fields selected are between 
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150-152 palms/ha.  Fields sampled were of the same management standard and inputs.  The 
selection of the Bako series (sandy podzol) is based on the fact that this is the dominant mineral 
soil available within the same locality on these peat areas.  This soil was selected to make a 
comparison of the four peat soils with the only mineral soil available at the same locality.  With 
the information on the morphological and physical characteristics of the soils of oil palm fields, 
record of annual yield data over a period of time were evaluated and  statistically analysed 
using one way statistical analysis (i.e. ANOVA).  The ANOVA evaluates if the four factors 
related to physical soil properties i.e. peat maturity, presence of wood, degree of wood 
decomposition nature of underlying mineral substratum and depth have a significant impact on 
oil palm yield.  The interaction of the above factors affecting oil palm yield is not covered in 
this study as more data set and replications will be required and this will be a good prospect for 
future study.  The study emphasises more on physical and morphological characteristics of peat 
as compared to the chemical characteristics in relation to oil palm yield.  This is mainly due to 
the fact that morphological/physical properties that can be quickly derived from a soil survey 
(i.e. field examination with no analytical data required) are preferred or have been selected for 
this analysis.  Further more, any limitations due to chemical properties can be mostly managed 
and altered by fertilizer application for example.  Physical and morphological characteristics 
are mainly inherent factors.  Any limitation on physical/morphological characteristics are 
difficult to manage or even if it can be managed it will be very costly.  As the main aim is to 
decide if peat land can be developed or conserved at pre development stage, using physical 
characteristics will be helpful in making a more practical decision on the land use. 
Furthermore, there are already studies on chemical properties of peat and its 
relationship to yield in the past.  Nutrient deficiencies on peat for example copper deficiency 
had been studied by various workers in the past.  The yield of oil palm in Sarawak was reduced 
by 9.9% in the absence of copper (Jaman and Kueh, 1996).  It also decreased vegetative growth 
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and bunch weight (Ng and Tan, 1974).  Tayeb et al. (1996) studying the chemical properties 
of peat and yield concluded that for peat in Sarawak, palms responds to N fertilisers only 
occurred in early years and slow decreased in time.  Addition of N fertilizer in later years 
suppressed yield.  High C:N ratio and low pH results in slow mineralization of peat.  The effect 
is a low availability of N despite having 5 Mt ha-1 of N in the top soil (Sharif et al., 1986). 
6.3.  Results and discussion 
6.3.1.  Results of soil survey 
The physical and chemical characteristics of the five soil types of which four are peat soils 
(Naman, Telong, Bayas and Gedong) and the fifth a sandy soil (Bako series) are shown in Table 
6.1a and 6.1b respectively.  The physical characteristics shows that  surface layer (0-50 cm) of 
all  peat is made of sapric material.  The sub surface layer of Naman and Telong series are 
sapric while Gedong and Bako series are hemic in nature.  Depth of all peat soils selected are 
very deep (>300 cm) with the exception to Naman which is deep (150-300 cm).  Naman, Bayas 
and Gedong have marine clay substratum while Telong is the only soil with sandy substratum. 
Telong, Bayas and Gedong series have wood while Naman is the only soil without wood.  
Telong and Bayas series have decomposed wood while Gedong is the only peat with 
undecomposed wood.  As for Bako series (developed over sandstone) which is a mineral soil 
within the peat area, it is moderately deep and with loose structure.  Bako series has a spodic 
horizon at 50-100 cm depth and this layer is strongly cemented. 
As for the chemical characteristics all the four peat soils have a loss on ignition of 
between 95-99.7%.  pH for all peat soils are between 3.3-4.0 and are highly acidic. C:N ratio 
varies from 24-28 for Gedong series to 38-40 for Bayas series. Percentage of organic carbon 
ranges from 31.1% up to 41.5%.  Nitrogen levels are generally low (0.78-1.47%) with Bayas   
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Table 6.1a.  Classification and physical characteristics of the four peat soils (with one mineral soil). 
Soil series/ 
Depth phase 
Classification at series 
(Phase level) 
(Paramananthan, 
2010a) 
Equivalent classification 
– Keys to soil taxonomy 
(Soil Survey Staff, 2010) 
 
Summary of main physical 
characteristics  
Naman/deep 
(Oa) 
Sapric Ombrogambist, 
marine-clayey, 
isohyperthermic, 
non-woody, 
autochthonous 
[deep (150-300 cm), 
sapric] 
 
Typic Haplosaprist, 
dysic, isohyperthermic 
(No criteria at 
series/phase level) 
Physical characteristics: 
• Sapric material to 100 cm. 
• No wood to 100 cm. 
• Deep (150-300 cm) to 
marine clay. 
• Surface tier – sapric. 
 
 
Telong/very 
deep 
(Oawd) 
Sapric Ombrogambist, 
marine-sandy, 
isohyperthermic, 
decomposed wood, 
autochthonous 
[very deep (>300 cm), 
sapric] 
 
Typic Haplosaprist, 
dysic, isohyperthermic 
(No criteria at soil 
series/phase level) 
Physical characteristics: 
• Sapric material to 100 cm. 
• Partially decomposed wood 
50-100 cm depth. 
• Very deep (>300 cm) to 
marine sand. 
• Surface tier – sapric. 
Bayas/very deep 
(Oewd) 
Hemic Ombrogambist, 
marine-clayey, 
isohyperthermic, 
decomposed wood, 
autochthonous 
[very deep (>300 cm), 
sapric] 
 
Typic Haplohemist, 
dysic, isohyperthermic 
(No criteria at soil 
series/phase level) 
Physical characteristics: 
• Hemic material (50-100 cm). 
• Decomposed wood in 50-100 
cm depth. 
• Very deep (>300 cm) to 
marine clay. 
• Surface tier – sapric. 
Gedong/very 
deep 
(Oewu) 
Hemic Ombrogambist, 
marine-clayey, 
isohyperthermic, 
undecomposed wood, 
autochthonous 
[very deep (>300 cm), 
sapric] 
 
Typic Haplohemist, 
dysic, isohyperthermic 
(No criteria at soil series 
and phase level). 
Physical characteristics: 
• Hemic (50-100 cm). 
• Undecomposed wood in 50-
100 cm. 
• Very deep (>300 cm). 
• Surface tier – sapric. 
Bako 
(Mineral soil) 
Typic Haplohumod 
Sandy soils over 
isohyperthermic 
Strongly cemented 
sandstone 
Typic haplohumod 
Sandy siliceous 
Isohyperthermic 
cemented 
Physical characteristics: 
• Bako (Mineral soil) 
• Moderately deep (50-100 
cm). 
• Loose structure less sand 
• Strongly cemented. 
• spodic horizon (50-100 cm) 
depth. 
• Soils developed over 
Sandstone 
Note: Oa (Organic and sapric), Oawd (Organic, sapric and decomposed wood), Oewd (Organic, hemic and 
decomposed wood), Oewu (Organic, hemic and undecomposed wood) refers to soil management group. 
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Table 6.1b.  Classification and chemical characteristics of four peat soils (With one mineral soil). 
Soil series/ 
Depth phase 
Classification at series 
(Phase level) 
(Paramananthan, 
2010a) 
Equivalent classification 
– Keys to soil taxonomy 
(Soil Survey Staff, 2010) 
 
Summary of main chemical 
characteristics  
Naman/deep 
(Oa) 
Sapric Ombrogambist, 
marine-clayey, 
isohyperthermic, 
non-woody, 
autochthonous 
[deep (150-300 cm), 
sapric] 
 
Typic Haplosaprist, 
dysic, isohyperthermic 
(No criteria at 
series/phase level) 
Depth (cm) from: 0-50, 50-100 & 
100-150. 
• pH:  3.3-3.7. 
• Organic Carbon:  36.3-39.2%. 
• Nitrogen: 0.9-1.36% 
• C/N ratio: 29-40. 
• Available P (ppm):  4-37 
• Total P (ppm):  96-97 
Exchangeable Cations (cmol(+)kg-1 
soil): 
• Calcium:  1.56 -4.33. 
• Magnesium:  0.81-1.13. 
• Potassium:  0.82-0.84. 
Cation Exchange Capacity 
(cmol(+)kg-1 soil): 60.8-70.4. 
• Base Saturation: 5-9%. 
• Loss on ignition:  97 (0-50 cm) 
97.8 (50-100 cm) & 95.8 (100-
130 cm) 
 
Telong/very 
deep 
(Oawd) 
Sapric Ombrogambist, 
marine-sandy, 
isohyperthermic, 
decomposed wood, 
autochthonous 
[very deep (>300 cm), 
sapric] 
 
Typic Haplosaprist, 
dysic, isohyperthermic 
(No criteria at soil 
series/phase level) 
Depth (cm) from: 0-75 & 75-100 
• pH:  3.3-3.4. 
• Organic Carbon:  35.7-40.0%. 
• Nitrogen:  1.17-1.34% 
• C/N ratio:  27-34. 
• Available P (ppm):  28-43 
• Total P (ppm):  142-269 
Exchangeable Cations (cmol(+)kg-1 
soil): 
• Calcium:  0.85-1.06 
• Magnesium:  3.13-3.41. 
• Potassium:  1.13-1.29. 
Cation Exchange Capacity 
(cmol(+)kg-1 soil):  81.1-81.6. 
• Base Saturation:  6-7%. 
• Loss on ignition:  98 (0-75 cm) 
99.3 (75-100 cm). 
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Table 6.1b.  (continued) 
Soil series/ 
Depth phase 
Classification at series 
(Phase level) 
(Paramananthan, 
2010a) 
Equivalent classification 
– Keys to soil taxonomy 
(Soil Survey Staff, 2010) 
 
Summary of main chemical 
characteristics  
Bayas/very 
deep 
(Oewd) 
Hemic Ombrogambist, 
marine-clayey, 
isohyperthermic, 
decomposed wood, 
autochthonous 
[very deep (>300 cm), 
sapric] 
 
Typic Haplohemist, 
dysic, isohyperthermic 
(No criteria at soil 
series/phase level) 
Depth (cm) from:  0-65 & 65-120 
• pH:  3.4-3.7. 
• Organic Carbon:  31.1-41.5%. 
• Nitrogen:  0.78- 1.09% 
• C/N ratio:  38-40. 
• Available P (ppm):  14-16 
• Total P (ppm):  56-62 
Exchangeable Cations (cmol(+)kg-1 
soil): 
• Calcium:  0.61-0.62 
• Magnesium:  1.07-2.18. 
• Potassium:  0.42-0.66. 
Cation Exchange Capacity 
(cmol(+)kg-1 soil):  60.2-71.4. 
• Base Saturation: 3-6%. 
• Loss on Ignition: 99.7 (0-65 cm) 
99.7 (65-120 cm). 
 
Gedong/very 
deep 
(Oewu) 
Hemic Ombrogambist, 
marine-clayey, 
isohyperthermic, 
undecomposed wood, 
autochthonous 
[very deep (>300 cm), 
sapric] 
 
Typic Haplohemist, 
dysic, isohyperthermic 
(No criteria at soil series 
and phase level). 
Depth (cm) from: 0-45 & 45-100 
• pH:  3.9-4.0. 
• Organic Carbon:  34.8-37.7%. 
• Nitrogen:  1.34-1.47% 
• C/N ratio:  24-28. 
• Available P (ppm):  9-13 
• Total P (ppm):  110-215 
Exchangeable Cations (cmol(+)kg-1 
soil): 
• Calcium:  2.5-2.74 
• Magnesium:  1.58-1.86. 
• Potassium:  0.61-0.71. 
Cation Exchange Capacity 
(cmol(+)kg-1 soil):  47.6-70. 
• Base Saturation:  8-10%. 
• Loss on Ignition:  97.2 (0-45 cm) 
98.4 (45-100 cm). 
 
Bako 
(Mineral soil) 
Typic Haplohumod 
Sandy soils over 
isohyperthermic 
Strongly cemented 
sandstone 
Typic haplohumod 
Sandy siliceous 
Isohyperthermic 
cemented 
Depth (cm) from: 0-40, 40-70, 70-
80 & 80+ 
• pH:  4.6-4.9 
• Organic Carbon:  0.51-0.65%. 
• Nitrogen: 0.01-0.02% 
• C/N ratio: 6-25. 
• Available P (ppm):  2-3  
• Total P (ppm): 10-25 
Exchangeable Cations (cmol(+)kg-1 
soil): 
• Calcium:  0.12-0.13 
• Magnesium:  0.02-0.04. 
• Potassium:  0.05-0.10. 
Cation Exchange Capacity 
(cmol(+)kg-1 soil):  2.58-4.41 
• Base Saturation:  8-6%. 
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series showing N levels at 0.78%-1.09% and the highest  N levels were recorded 1.34-1.47%.  
As for available P soils like Naman shows a large variance between 4-37 ppm while Telong 
shows a higher range between 28-43 ppm.  
As for total  P levels  Bayas series for example has a lower range of total P (56-62 ppm) 
while soils like Telong series has a total P ranging from 142-269 ppm and Gedong has total 
Total P ranging from 110-215 ppm.  As for exchangeable cations, calcium levels range from a 
low of  0.61 (Bayas series) to 4.33 cmol kg-1 soil on Naman series.  Magnesium levels for peat 
soils sampled is low at 0.02-3.41 cmol kg-1 soil.  CEC for soils like Naman ranges from 60.8-
70.4 cmol kg-1 soil as compared to soils like Telong which has a higher CEC levels at 81.6-
81.1 cmol kg-1 soil.  Base saturation levels for peat soils in the study is between 5-10%. 
6.3.2.  Descriptive statistics 
The impact of soils to oil palm yield, yield differences between soils and the yield per ha by 
age and soil type is shown in Table 6.2, Table 6.3 and Fig. 6.1 respectively. 
Based on the data and the one-way ANOVA the following can be deduced: 
• Soil type plays a significant (P <0.01) role in determining the yield of oil palm on the 
soils selected for the study (Table 6.2).  From the four peat soils (mineral Bako as 
control), studied, Telong series gave a higher mean yield of 22.92 M t ha-1 yr-1.  This is 
followed by Naman, Bayas and Gedong series reporting a mean yield of 19.49 M t ha-
1 yr-1, 13.37 Mt ha-1 yr-1and 9.47 Mt ha-1 yr-1 respectively (Table 6.3).  Bako series which 
is sandy mineral spodosol displayed a higher mean yield at 13.65 Mt ha-1 yr-1 as 
compared to the lowest mean yield of a peat soil i.e. Gedong series yielding at a mean 
yield of 9.47 Mt ha-1 yr-1.  Yields of various peat soils are significantly different as 
shown in Table 6.3 with exception to Bako and Bayas series. 
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• As soil has a significant impact on oil palm yield, the five elements of soil physical 
characteristics tested shows that peat maturity has the most significant impact (P <0.01) 
on yield, followed by nature of mineral substratum (P <0.02) and degree of wood 
decomposition (P <0.04).  Peat depth and presence/absence of wood has no significant 
impact on yield (Table 6.4). 
 
Table 6.2.  Soil type and its impact oil palm yield. 
Source of variation  d.f. s.s. m.s. F test P value 
Soil type 4 616.765 154.191 51.85 <0.01** 
Note:  d.f. – degree of freedom, s.s. – sum of squares. 
*Significant at 0.05 level, **Significant at 0.01 level 
 
 
Table 6.3.  Mean yield of fresh fruit bunches (2003-2013). 
Soil series  Soil management 
group 
N FFB yield (mt ha-1 yr-1) 
Mean Range Standard 
deviation 
Standard 
error 
Naman, deep Oa (organic, sapric, no 
wood, marine clay) 
4 19.49b 18.71- 20.62 0.89 0.44 
Telong, very deep Oawd (organic, sapric, 
decomposed wood, 
marine sand) 
6 22.92a 19.65-25.18 2.26 0.92 
Bayas, very deep Oewd (organic, hemic, 
decomposed wood, 
marine clay) 
5 13.37c 11.71-15.33 1.31 0.58 
Gedong, very deep Oewu (organic, hemic, 
undecomposed wood, 
marine clay) 
5 9.47d 8.17-10.70 0.91 0.41 
Bako Mineral soil (sandy 
spodosol) 
6 13.65c 10.28-16.01 2.19 0.89 
Total: 26 15.83 8.17-25.18 5.21 1.02 
N = Number of plots (fields) observed 
Note: Mean within the same column with the same letter are not significantly different at P = 0.05 (Duncan’s 
test). 
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Fig. 6.1.  Mean yield of FFB by soil type from year 1 to year 11 (2003-2013). 
 
 
 
Table 6.4.  Impact of physical characteristics of soil to oil palm yield. 
Source of 
variation  
d.f. Physical soil 
characteristics 
Mean 
yield 
(Mt ha-1 
yr-1) 
s.s. m.s. F test P value 
Peat maturity 1 Sapric 21.20 316.57 316.57 20.95 <0.01** 
Hemic 11.42 
Nature of 
underlying 
mineral 
substratum 
1 Clay 14.11 134.79 134.79 5.94 0.023* 
Sand 22.92 
Degree of 
wood 
decomposition  
1 Decomposed 18.14 270.18 270.18 12.36 <0.04* 
Undecomposed 9.47 
Wood 1 Present 15.25 18.22 18.22 0.66 0.424 
Absent 19.49     
Peat depth 1 <300 cm 19.49 0.40 0.40 0.01 0.906 
>300 cm 15.25 
Note:  d.f. – degree of freedom, s.s. – sum of squares 
*Significant at 0.05 level, **Significant at 0.01 level 
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• As shown in Table 6.3, soils with sapric materials (Naman/Telong series) gave 
significantly better yields than soils with hemic materials (Gedong/Bayas series).  This 
is also reflected in the mean yield of  Naman and  Telong soils (19.49-22.92 M t ha-1 
yr-1) as compared to Gedong and Bayas series at  9.47-13.37 M t ha-1 yr-1.  Palms planted 
on soils with sandy substratum (Telong) had significantly higher yields by 15-58% 
compared to those over marine clay as underlying material.  FFB yield on Telong series 
was 22.92 M t ha-1  yr-1 compared to those over marine clay (Naman, Bayas and Gedong 
– yielding between 9.47 M t ha-1-19.49 M t ha-1).   
• There is no significant yield difference between mineral soil (sandy Spodosol e.g. Bako 
series) as compared to Bayas which is a peat soil (Table 6.3).  Palms on Bako series  
performed poorly at 13.65 M t ha-1 yr-1 compared with some of the peat soils such as 
Telong (22.92 M t ha-1 yr-1) and Naman (19.48 M t ha-1 yr-1).  However, there is a 
significant difference in yield between Bako and Gedong series. Mean yields of palms 
on Bako (13.65 M t ha-1 yr-1)  performed better than those on peat soils such as  Gedong 
series (9.47 M t ha-1 yr-1).  Results also show that yield of Telong series declined after 
the ninth year as shown in Fig. 6.1. 
6.4.  Discussion 
6.4.1.  Peat characteristics and their impact on oil palm yield 
Generally palms on sapric peat (Fig. 6.2a and 6.2b) i.e. Naman and Telong series within 50-
100 cm depth shows a higher yield than on hemic peat (Fig. 6.3a and 6.3b) i.e. Bayas and 
Gedong series.  This is possibly due to the fact that oil palm roots are mainly in better contact 
with the highly decomposed sapric material which is a good rooting and growth medium as 
compared to the hemic material.  Another possibility for the above observation is that hemic 
peat has a higher level of porosity.  Daud et al. (2010) reported that hemic peat has porosity of 
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85-90% as compared to sapric peat which is lower than 85%. Higher porosity  results in 
leaching and poor  nutrient retention properties especially in the higher rainfall areas (Tayeb, 
2005). 
 
  
Fig. 6.2.  Figure showing highly decomposed peat:  (a) Sapric peat before rubbing (b) Sapric peat after 
rubbing. 
 
 
  
Fig. 6.3.  Figure showing partly undecomposed peat:  Hemic peat before rubbing (b) Hemic peat after 
rubbing. 
  
a b 
a b 
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Fig. 6.4.  Undecomposed wood material from original vegetation on soil surface. 
 
However, when a combination of decomposition stage and wood are considered, hemic 
material with undecomposed wood (Gedong series) appears to have multiple disadvantages 
with issues related to poor rooting, growth medium, high porosity and poor nutrient retention.  
As such yields of Gedong series (hemic undecomposed wood) gave the lowest mean yield of 
9.47 M t ha-1 yr-1.  The presence of undecomposed wood on hemic material will further reduce 
oil palm yields with the high volume of surface wood biomass (Fig. 6.4). 
It would also be difficult to carry out compaction on peat with undecomposed wood 
and high surface litter.  Compaction can have an impact on yield as reported by Gurmit (1989) 
where a difference in FFB yield of up to 6 M t ha-1 yr-1 can be observed with and without 
compaction.  Poor compaction can also affect palm leaning which contributes to yield decline 
(Paramananthan, 2013).  High volume of surface wood biomass results in inadequate space for 
inter-row stacking and woody debris encroaching into oil palm circles resulting in half moon 
access impeding good harvesting standards and crop recovery (Veloo, 2014).  The presence or 
presence of decomposed wood (Fig. 6.5a,b,c) within 100 cm will also have an impact on termite 
(Coptertermes curvignathus) infestation on palms. Usually termites colonise and attack oil 
palm when wood is present and stumps dried out or when water table is low.  In older palms, 
serious attack at the bole region may cause palms to have low yields (Idris, 2010). 
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         No wood 
 
Decomposed wood 
 
         Undecomposed wood 
Fig. 6.5.  Peat with (a) no wood, (b) decomposed wood, and (c) undecomposed wood. 
 
Where sapric materials occur with decomposed wood, Telong series gave better yields 
than the Naman series which had no wood.  The reason is that the decomposed wood is only 
encountered below 50 cm depth (for Telong series) and this does not affect yield in the initial 
years. However, after the ninth year when oil palm roots are possibly in contact with the partly 
undecomposed wood below 50 cm depth (Mathews and Clarence, 2004).  Declining yield  is 
evident by comparing with yields of Naman series which has no wood and yields still remain 
on the increasing trend.  Another reason for the decline in yield for Telong series after the ninth 
year is termite attack and loss of yield when roots are in contact with wood fragments.  Tayeb 
(2005) indicated that clearing as much as possible the partially hidden stumps and logs 
protruding from the ground is important in the long run to achieve better growth and higher 
productivity of oil palm as termite problem is reduced. 
Differences in yield decline were noted for Telong series after the ninth year and the 
reasons for this can also be due to exogenous (external environmental factors) and endogenous 
cycle (internal palm physiological cycle) (Corley and Tinker, 2003).  Soils with sandy mineral 
a b c 
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substratum (Telong series) leads to higher yields than soils with mineral clay (Naman, Bayas 
and Gedong series) as shown in the results. Although the depth of mineral substratum below 
100 cm may not have a direct impact on the oil palm rooting zone within 100 cm, the impact 
can be from the perspective of water management.  Mineral clay at the substratum will impede 
good drainage and cause flooding at soil surface which will affect harvesting operations during 
monsoon season.  High water table also impedes good palm growth and induce “wet feet” 
symptoms which impedes nutrient uptake. As for sandy mineral substratum, where better 
subsurface drainage is possible, surface flooding is minimised and impact of yield is not much 
affected. 
Mining of sand from the underlying layer of peat to be used as road material on peat 
areas as observed in the study area, allows easier construction of roads which also contributes 
to efficiency in access and timely evacuation and crop transportation to processing centres 
which minimises leakages and wastages in terms of oil yield achievement (Veloo, 2014). 
The general view  that all mineral soils are better yielding than peat can be challenged 
in this analysis. Pushparajah (2002) compared yields of various mineral soils (class 1 soils on 
undulating terrain, sandy soils – on undulating terrain and class 1 soils – hilly with 50% 
terraces) concluded that oil palm FFB yields on  mineral soils ranges between 23-26 M t ha-1 
yr-1 while those on deep peat at 22 M t ha-1 yr-1.  Sandy soil (mineral soil) within peat areas is 
proven to perform worse than at least two types of peat soil in this case (i.e. Telong and Naman 
Series) mainly due to the presence of the spodic horizon which has an impact on drainage and 
root proliferation within the 100 cm depth. Sandy soil also has poor moisture and nutrient 
retention capacity besides its low CEC due to lack of organic material (Paramananthan, 2014b). 
Therefore, while making comparison between mineral and peat soils, merits of the type of 
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mineral and peat soils and its characteristics should be taken into consideration rather than 
generalising them into a broad category (peat or mineral). 
The study also shows that depth of peat has no significant (P <0.9) impact on yield.  
However it should be noted that this is valid only for the above specific selected sites, with 
only deep and very deep soils are dominant in this area.  A fair comparison between various 
depth and its impact on yield can be considered for future studies in an area where a distribution 
of all three depths of peat is available (50-150 cm, 150-300 cm and >300 cm) at the same site. 
6.4.2.  Proposed management by soil management groups 
An area which need to be looked at and improve yields  for palms cultivated on the various soil 
series is to improve  management practices.  This is shown in  the soil management group map 
legend Appendix 1d  proposed by Paramananthan (2014a).  Based on the legend an indication 
of the full yield potentials (average 25 years) for oil palm  by soil management groups are 
indicated i.e. Naman series (26-28 Mt ha-1 yr-1), Telong series (24-26 Mt ha-1 yr-1), Bayas series 
(20-22 Mt ha-1 yr-1), Gedong series (20-22 Mt ha-1 yr-1), Bako series (18-24 Mt ha-1 yr-1).  In 
order to achieve the maximum yield potential by soil series, improvement in management will 
be an area to look at in handling lower yields on current peat plantings. Maximum yield 
potentials for Gedong series for example can be achieved through removal of surface litter, 
woody stumps and debris during land clearing.  More compaction of planting rows during land 
preparation is also recommended to improve bulk density and address the issue of future 
leaning and toppling of palms which will affect palm stand and yield production. High density 
planting (170 palms/ha) is recommended as a contingency for palms damaged by termites 
which can be a problem on soils with high wood volume. Water control and management is 
also critical to ensure that the area remains moist below 50 cm.  Thinning etiolated palms after 
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5 years is important as high density planting will result in inter palm competition for sunlight 
5 years after planting. 
6.5.  Conclusions 
Oil palm yield on peat varies significantly under the various types of peat soil e.g. in Telong, 
Naman, Bayas and Gedong soil series. This is mainly due to the characteristics of the individual 
peat soil.  Various soil factors evaluated (depth, mineral substratum, peat maturity, presence 
and absence of wood and degree of wood decomposition).  Peat maturity (sapric or hemic) 
plays the most significant (P <0.01) role in determining the oil palm yield. Type of mineral 
substratum for peat also shows some impact (P <0.02) with sandy substratum showing higher 
yields as compared to marine clay substratum.  The degree  of  wood decomposition do have 
an impact (P <0.04) especially on hemic peat. Mineral soils (sandy Bako series) in this case 
recorded lower yields than two types of peat in this study.  Past study by Pushparajah (2002) 
that mineral soils are better yielding than peat is proven to be not always true based on our 
current analysis. Merits of the type of mineral and peat soils and its characteristics should be 
taken into consideration rather than generalising them into one category (peat or mineral).  
Presence  or absence of  wood  have no significant  impact on yield.  The study also shows that 
depth has no significant (P <0.9) impact on yield.  A fair comparison between various depth 
and its impact on yield can be considered for future studies in an area where a distribution of 
all three depths of peat is available (0-150 cm, 150-300 cm and >300 cm).  Peat depth  which 
were usually used as a criteria for development had been found not significant in determining 
the yield of oil palm on this particular site where there were no shallow peat.  However, as only 
deep  and very deep soils are used as these are the majority soil type in this region (96%) the 
results is applicable to this study site.  Future studies can look into areas or sites  where all the 
three depths (<150 cm, 150-300 cm and >300 cm) are available for research.  Although there 
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are other factors affecting oil palm yield on peat such as chemical properties and management 
practices, the physical and morphological characteristics  of peat soils can be quickly derived 
from a soil survey at the pre development stage.  This will be more practical for a quick 
evaluation of a given land for a decision of whether it should be developed or conserved.  
Improvement in management practices will be required to manage oil palm on peat to maximise 
the yield potentials. 
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7.1.  Introduction 
The economics and cost of development (COD) for oil palm on marginal soils in the tropics is 
of great concern. Economists define marginal lands as land uses that are on the margin of 
economic viability.  Schroers (2006) concluded that marginal land is an area where a cost 
effective production is not practical.  Fairhurst (2009) compared COD for oil palm 
development on degraded land in Indonesia and concluded that Kerangas heathland (Spodosols 
and Entisols) had a higher oil palm development cost.  This is mainly due to the cost of breaking 
up the hard pan to allow for adequate drainage.  Pushparajah (2002) confirmed that higher 
fertiliser cost was incurred on peat as compared to mineral soils and this is one of the reasons 
of why COD for peat is usually high for oil palms on peat. 
As peatlands are also considered marginal lands, the economic viability of tropical 
peatland is also an area of concern. Past studies on cost of development for oil palm on tropical 
soils mainly compared the cost of development on mineral soils as against peat soils.  Past 
studies on cost of oil palm development on peat however usually only take into account the 
depth of peat. The Malaysian Palm Oil Board (MPOB) confirms that good financial 
performance of oil palm planted on deep peat is possible through high density plantings 
(MPOB, 2005).  Tie and Melling (1999) showed that peat depth is also related to drainability 
and that poor drainability will result in higher cost for flood mitigation where land is lower 
than the height of the nearby river.  This will affect cost of development (COD).  Veloo (2013) 
reported  that mineral soils generally show lower cost of development at USD3,428 ha-1-
USD4,286 ha-1 as compared to peat at a cost of USD4,857 ha-1-USD6,286 ha-1.  It was further 
reported that the cost of peat soil development is based on peat depth (Anderson 1- shallow 
peat, Anderson 2 – moderately deep peat and Anderson 3 – deep  peat). 
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The impact of  physical characteristics of peat on COD for oil palm has yet to be 
explored.  This was mainly because such characteristics were never used as criteria during the 
field mapping of peat soils in the past.  The objective of this paper is to explore the impact of 
physical properties of tropical peat on the COD to maturity for oil palm.  This study tests the 
hypothesis that physical soil properties such as peat maturity, presence of wood and nature of 
underlying substratum, degree of decomposition  and depth affect oil palm COD to maturity. 
The study is important as it will help to answer the call for wise use of peatland and can 
assist in the decision making process on land use planning strategies for tropical peatland 
development and conservation.  Peat areas with soil properties showing high COD can be 
considered for conservation  instead of developing them. 
7.2.  Components of COD 
Cost of development to maturity is normally referred to cost of work involved from the time a 
jungle or logged over forest is felled and raising up oil palm planting materials at nurseries, 
planting up cleared land and nurturing the palms for the next 36 months until palms are ready 
for harvesting. Cost involved in the cultivation of oil palm on peat are very subjective and will 
depend on the techniques adopted and how well the jobs are executed. For example if the 
planting density is high, cambering of access and paths and the cultivation of leguminous 
creeping covers (LCC) are adopted then the initial development cost will be higher (Tayeb, 
2005).  An estimate of initial development cost under the more difficult Sarawak conditions is 
shown by Ramli (2004).  Melling et al. (2008) confirmed that cost of oil palm development 
from logged over forest on deep peat is rather variable and site specific.  Ramli (2004) provided 
the breakdown of estimated cost to maturity as shown in Table 7.1. 
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Table 7.1.  Breakdown of cost per hectare to maturity. 
Years/time period Cost in RM ha-1 
Initial development (field cost including general charges) 7,500.00 
Year 1 (cost includes weeding, manuring, pest/disease, roads/bridges, 
pruning, water management and miscellaneous) 
1,400.00 
Year 2 (cost includes weeding, manuring, pest/disease, roads/bridges, 
pruning, water management and miscellaneous) 
1,500.00 
Year 3 (cost includes weeding, manuring, pest/disease, roads/bridges, 
pruning, water management and miscellaneous) 
1,600.00 
Total cost to maturity: 12,000.00 
Note:  1.  Not including capital expenditure 
           2.  Currency conversion rate USD1 = RM3.50  
 
 
Table 7.2.  Initial development cost (field cost, general charges and capital expenditure). 
Particulars Cost RM ha-1 
Land clearing (including blocking) 1,360.00 
Drain construction 1,475.00 
Flood mitigation bunds and water gates 1,050.00 
Road construction 500.00 
Road surfacing 1,360.00 
Lining/holing/planting 430.00 
LCC planting 300.00 
Planting material 775.00 
Total field cost 7,250.00 
General charges 250.00 
Total field cost with charges 7,500.00 
Capital cost 1,000.00 
Total cost: 8,500.00 
Source:  Ramli (2004) 
Note:  Currency conversion rate USD1 = RM3.50  
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7.3.  Material and methods 
With the information on the morphological and physical characteristics of the soils of oil palm 
(as discussed in Chapter 6), actual COD data were  analysed using one way statistical analysis 
(i.e. ANOVA).  The same soils i.e. Naman, Bayas, Gedong and Bako series were used with 
exception to Telong series which has limited data on COD.  Suai series (which is located 
outside the boundary of the study site) was selected as it also has a mineral sandy substratum 
(similar to Telong) but with sapric peat and undecomposed wood (Table 7.3). 
The elements of COD data were focused on field cost of development (Melling et al., 
2008).  These include land clearing and felling, drain and road construction, stacking, 
compaction, planting material, pest and disease treatment, cost of planting and supplying, 
restacking and cost of preparation of harvesting path/access.  The cost computation does not 
include, general charges, land, capital expenditure and financial cost (bank interest etc.).  This 
is to ensure that the actual relationship of soil characteristics to cost of development can be 
reflected and not influenced by the non-soil related factors (i.e. general charges, land cost, 
capital expenditure and bank interest).  The ANOVA evaluates if physical soil properties, i.e. 
peat maturity, presence and nature of wood, degree of wood decomposition, nature of 
underlying mineral substratum and depth had a significant impact on oil palm COD. The 
interaction of the above factors affecting oil palm COD was not covered in this study. 
7.4.  Results 
7.4.1.  Descriptive statistics 
Based on the one-way ANOVA and results as shown in Tables  7.3, 7.4, 7.5 and  Fig. 7.1 the 
following can be deduced on the one-way ANOVA analyses: 
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 Cost of development varies considerably on the different types of peat soil (Gedong, 
Naman, Bayas, and Suai soil series) (7.3 and 7.4). 
 Physical characteristics of peat such as peat depth, presence of wood and degree of 
wood decomposition are physical properties of soil which have significant (P <0.01) 
impact on COD (Table 7.5). 
Table 7.3.  Mean cost of development (COD) to maturity by soil type and soil management group. 
Soil series Description of soils N 
                                   COD 
Mean  
(USD) 
Range 
(USD) 
Standard 
Deviation 
Standard 
error 
Naman/deep 
(150-300 cm) 
Oa (organic soil, sapric, 
with no wood); underlying 
material marine clay. 
 
4 5,500 d 5,500-
5,600 
57.74 28.87 
Suai/very deep 
(>300 cm) 
Oawu (organic soil, sapric 
with undecomposed 
wood); underlying 
material marine sand. 
 
5 7,140 b 7,000-
7,200 
89.44 40.00 
Bayas/very 
deep 
(>300 cm) 
Oewd (organic soil, hemic 
with decomposed wood); 
underlying material marine 
clay. 
 
5 6,020 c 5,900-
6,100 
83.67 37.41 
Gedong/very 
deep 
(>300 cm) 
Oewu (organic soil, hemic 
with undecomposed 
wood); underlying 
material marine clay. 
 
5 8,540 a 8,500-
8,600 
54.77 24.49 
Bako (strongly 
cemented) 
(spodic 50-100 
cm) 
Mineral soil, underlying 
material sandstone.  
6 5,067 e 4,800-
5,300 
196.64 80.28 
 Total  25 6,444 
4,800-
8,600 
 
N = Number of plots (fiels) observed 
Note:  Mean within the same column with the same letter are not significantly different if P = 0.05 (Duncan’s test) 
 
Table 7.4.  Soil type and its impact on CODM. 
Source of variation d.f. s.s. m.s. F test P value 
Soil Type 4 39,752,614 9,938,153 808.82 <0.01** 
d.f. – Degree of freedom, m.s. – Mean of square 
*Significant at 0.05 level, **Significant  at 0.01 level. 
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Table 7.5.  Factors affecting cost of development (COD) to maturity on peat soils. 
Source of 
variation  
d.f. Physical 
characteristics 
Mean 
cost ha-1 
in USD 
  s.s. m.s. F test P value 
Peat maturity 
(sapric, 
hemic)/ 
subsurface tier 
1 Sapric 6,320 3,549,871 3,549,871 2.834  0.11 
Hemic 7,280 
Presence of 
wood 
1 Present 7,233 8,942,045 8,942,045 9.562 <0.01** 
Absent 5,500 
Degree of 
wood 
decomposition 
1 Decomposed 7,140 12,870,000 12,870,000 55.573 <0.01** 
Undecomposed 7,840 
Peat depth  1 <300 cm 5,500 8,942,045 8,942,045 9.562 <0.01** 
 >300 cm 7,233 
Nature of 
underlying 
mineral 
substratum 
1 Clay 6,686 399,580 399,580 0.278 0.60 
Sand 7,140 
*Significant at 0.05 level, **Significant at 0.01 level 
 
 
 
Fig. 7.1.  Field cost of development to maturity for oil palm by soil type. 
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 Nature of underlying mineral substratum and peat maturity were found to have no 
significant impact on COD as compared to the other characteristics (depth and 
presence/absence wood and degree of wood decomposition) of peat. 
 Naman (sapric with no wood) series has the lowest cost of development at USD5,500 
followed by Bayas series (hemic with decomposed wood) costing at USD6,000 (higher 
by 8.7%), Suai series (sapric with undecomposed wood) at USD7,100 (higher by 
28.3%) and Gedong series (hemic with undecomposed wood) series at USD8,500 
(higher by 53.9%) (Table 7.6); and 
 Mineral soil (Bako – sandy soil, Spodosol) showed a lower COD by 7.2% as compared 
to Naman series.  COD for Bako series (mineral soil) ranging from USD4,800–
USD5,800 is lower than COD for all peat soils ranging from USD5,550–USD8,600. 
7.5.  Discussiosn 
7.5.1.  Peat characteristics and their impact on COD 
Peat depth, underlying mineral substratum and presence of wood and degree of wood 
decomposition have a significant impact on COD (Table 7.5 and Table 7.6).  The variation of 
cost of individual field development inputs are given in Tables 7.7 and 7.8. 
Depth of peat can affect the cost of compaction as more rounds of compaction are 
required for peat which is deeper and especially if it is hemic.  This is mainly due to the lower 
bulk density and higher porosity of deep peat as compared to shallow peat.  As peat will be 
shrunk after intial drainage and subsidence will take place compaction will minimise 
subsidence (Lucas, 1982).  Presence of wood, both on the surface and subsurface, will affect 
cost of drain construction, stacking, re-stacking and de-stumping of buttress roots of trees 
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Table 7.6.  Summary of organic soil related factors affecting cost to development (COD). 
Soil Series/ 
Management 
Group 
Malaysian Taxonomic 
Classification/Main 
Characteristics 
Mean COD USD/ha 
(% using Naman as 
basic cost) 
Characteristics affecting 
COD 
Naman/deep 
Oa 
Sapric Ombrogambist 
• Sapric to 100 cm 
• No wood to 100 cm 
• OSM 150-300 cm 
overlying marine clay 
5,500 
(100%) 
• No wood. 
• No problem digging drains. 
• Less surface litter – lower 
stacking cost. 
• Low termite activity. 
• Easier to compact. 
• Less stumps of Alan trees on 
surface. 
Bayas/very deep 
Oewd 
Hemic Ombrogambist 
• Sapric 0-50 cm 
• Hemic 50-100 cm 
• Decomposed wood 50-
100 cm 
• OSM >300 cm 
overlying marine clay 
6,000 
(108.7%) 
• Decomposed wood below 50 
cm. 
• Wood can be broken by 
excavator while digging 
drains. 
• Higher (cf Naman) surface 
litter – higher stacking cost. 
• Relatively more termite 
activity. 
• Slightly more difficult to 
compact (more rounds). 
• Slightly more stumps. 
Suai/very deep 
Oawu 
Sapric Ombrogambist 
• Sapric to 100 cm 
• Undecomposed wood 
50-100 cm 
• OSM >300 overlying 
marine sand 
7,100 
(128.3%) 
• Undecomposed wood (below 
50 cm) with sapric. 
• Have to chain-saw buried 
wood – higher cost to dig 
drains. 
• Relatively more termite 
activity. 
• Difficult to compact due to 
hardwood/surface litter. 
• Relatively more stumps – 
higher destumping costs 
followed by levelling. 
Gedong/very deep 
Oewu 
Hemic Ombrogambist 
• Sapric to 50 cm 
• Hemic 50-100 cm 
• Undecomposed wood 
50-100 cm 
• OSM >300 cm 
overlying marine clay 
8,500 
(153.9%) 
• Undecomposed wood (below 
50 cm) with hemic. 
• Have to chain-saw buried 
wood – higher cost to dig 
drains. 
• High termite activity. 
• Difficult to compact due to 
hardwood/surface litter. 
• Destumping/levelling costs 
higher. 
Bako 
(Mineral Soil) 
Typic Haplohumod 
• strongly cemented 
spodic at 50-100 cm 
• sandy textures 
5,100 
(-7.2%) 
• Mineral soil. 
• Cost to break cemented 
spodic horizon. 
• Need to apply EFB (higher 
cost). 
• Low fertility – higher 
fertilizer cost. 
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Table 7.7.  Mean cost (USD) of major works contributing to COD by soil series. 
Soil Series Felling/ 
Clearing 
Drain Roads Stacking Fertiliser  Compaction Planting 
Material 
Pest & 
Disease 
Planting/ 
Supplying 
Restacking Preparation 
of 
harvesting 
path 
Bako 301.7 320.5 775.6 200 2,500 0 254.3 176.3 179.2 0 258.3 
Bayas 415.6 426 1,504.5 457.4 1,600 218.6 306 225.4 166 230 406 
Gedong 906.6 659.9 1,736.5 626 1,673.4 410 374 232 187.4 442.6 806 
Naman 405 366.8 1,548.4 330.8 1,600 229.2 295.8 227.5 151.8 0 335.8 
Suai 740.6 607.4 1,346.5 618 1,633.4 378.6 316.6 262 173.4 388 600 
Grand Mean 549.8 474.2 1,351 441.2 1,837.4 238.1 307.7 222.6 172.6 212.1 478.1 
 
 
Table 7.8.  Percentage of variance from mean cost of major works contributing to COD by soil series. 
Soil Series Felling/ 
Clearing 
Drain Roads Stacking Fertiliser  Compaction Planting 
Material 
Pest & 
Disease 
Planting/ 
Supplying 
Restacking Preparation 
of 
harvesting 
path 
Bako 45.1 32.4 42.6 54.7 -36.1 100 17.4 20.8 -3.8 100 46 
Bayas 24.4 10.2 -11.4 -3.7 12.9 8.2 0.6 -1.3 3.8 -8.4 15.1 
Gedong -64.9 -39.2 -28.4 -41.9 8.9 -72.2 -21.5 -4.2 -8.6 -108.7 -68.6 
Naman 26.3 22.6 -14.6 25 12.9 3.7 3.9 -2.2 12.1 100 29.8 
Suai -34.7 -28.1 0.3 -40.1 11.1 -59 -2.9 -17.7 -0.05 -82.9 -25.5 
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such as Alan Batu (Shorea albida) stumps during land preparation (Daud, 2010; 
Paramananthan, 2013).  Undecomposed wood for example will pose an obstruction during 
drain construction and additional cost is required to manually cut (using chainsaws) the 
undecomposed wood and the logs which fall on drain lining areas.  Higher percentage of 
surface wood biomass will also affect cost of clearing, stacking, restacking and preparation of 
the harvesters path where low machine productivity will result in higher machinery rental 
hours, fuel cost and  labour hours (driver wages).  The presence of wood also affects operations 
of machineries during land preparation in relation to breakdown hours and downtime of 
machineries. 
The underlying mineral substratum was found to have lower impact on COD as 
compared to other peat characteristics.  This could be mainly due to the depth position of 
underlying mineral substratum.  As most types of peat in this study (except for Naman) are 
very deep (>300 cm – e.g. Suai, Bayas and Gedong series), possibilities are that mineral 
substratum (irrespective of whether it is clay or sand) would not have contributed or be used 
for road construction.  Digging deeper into the mineral soil for road material would contribute 
to higher cost and hence would not be economical. 
Naman series has the lowest mean COD (USD5,500) as the soil is basically sapric with 
no wood in the subsurface tier (50-100 cm).  As wood is not a limiting factor drain construction 
can be carried out without any problems.  Surface litter will also be minimal and this will lower 
the stacking cost. The other advantage of Naman series will be at greater ease for compaction 
with less surface litter and stumps of Alan Batu trees on the surface.  Low wood biomass will 
also have an impact on lower termite activity and cost of pest treatment (Idris, 2010).  The 
depth of Naman series at 150-300 cm allows the mineral clay substratum to be mined and used 
for road work.  It was observed at the study site that mineral clay below 150 cm was used from 
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drain spoils of collection drains during drain construction as a material for road construction.  
As clay is used in situ, no transport cost for road material is incurred. 
Bayas series shows the second lowest mean COD at USD6,000.  Decomposed wood is 
found below 50 cm and the decomposed nature of wood means it can be broken by excavator 
bucket during drain digging operations.  With the increasing wood biomass and surface litter 
stacking cost, cost of compaction and control termite activity will be relatively higher compared 
to the Naman series.  Termites usually attack palms and results in low yields (Idris, 2010).  
There is a cost involved in treating termites and the higher the damage the higher the cost of 
control.  Soils with undecomposed wood such as Suai and Gedong series both show higher (see 
Table 7.6) mean COD as compared with soils with no wood such as Naman.  This is mainly 
due to the fact that Suai and Gedong series with undecomposed wood below 50 cm depth will 
slow down excavators operations during drain construction and buried wood needs to be 
chainsaw cut during drain construction (Paramananthan, 2013).  Termite activity will also be 
relatively high and difficulties faced while compacting hardwood/surface litter.  Both soils also 
have relatively more Alan Batu stumps on the which are more porous.  Higher fertiliser rates 
and application rounds may also be required for optimum palm growth. 
The lower COD for Suai series as compared to Gedong series is that it may require less 
compaction rounds during land preparation.  Gedong series has lower bulk density and low 
bearing capacity due to high porosity and subsidence property. Movement and productivity of 
machineries such as excavators will also be slow in this type of soils. 
Lower COD for mineral soil in this study is mainly due to the fact that some of the 
elements of COD which are present for peat soils are not applicable for sandy soils (Tables 7.7 
and 7.8).  Compaction (mean cost – USD238.1 ha-1) and restacking (mean cost – USD212.1 
ha-1) for example which are  required  for  peat soils are not applicable for sandy soils.  Sandy 
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soil area ares with poor vegetation resulting in low biomass after clearing.  High bulk density 
on sandy soils as compared to peat soils results in no cost incurred for compaction. COD 
elements such as felling/clearing, construction of roads, pest and disease control and 
preparation of harvester’s path are also cheaper, as compared to the mean COD of various peat 
soil types.  This is mainly due to the fact that poor growth of natural vegetation on sandy soils 
results in lower cost of felling and clearing. 
Road construction and preparation of harvester’s path on sandy soils are much cheaper 
than on peat soils as the sand as natural road foundation is available. For peat soils road material 
needs to be transported from other source sites or needs to be dug from below peat layer 
(mineral substratum).  Pests and diseases on peat soils are more prevalent than in sandy soils 
as wood present in peat soils is a natural attraction for termite activities.  There are only two 
cost elements where sandy soils have higher cost than peat soils i.e. planting and supplying 
(15% higher than Naman series for example) and fertiliser (36% higher than Naman series for 
example).  This is mainly due to the fact that the cemented spodic horizon in these sandy soils 
needs to be mechanically broken during planting with excavators prior to planting or supplying 
oil palm seedlings to replace dead seedlings in the field (Paramananthan, 2014b).  Fertiliser 
cost for sandy soils are much higher as these soils are applied with organic mulch, i.e. oil palm 
empty fruit bunches at 25-30 M t ha-1 after initial planting of palms to improve soil organic 
matter and palm growth.  This is an additional cost on top of the normal inorganic manuring 
program during period of immaturity. 
7.5.2.  Importance, limitation and future research recommendations 
The study provides an input for wise use of peatland on whether an area can be developed 
profitably for oil palm cultivation or better left for conservation.  The study initiates a greater 
call for systematic semi-detailed soil survey and mapping of peatland in the humid tropics. Soil 
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survey, classification and characterisation of peat will assist in providing a more 
comprehensive feasibility evaluation.  Determination of soils with higher COD such as Gedong 
series, will assist in decision making on land use and wise use of peatland as the area can be 
identified early and left for conservation and not after land clearing begins. 
This study is focussed only on the element of field cost of development excluding land 
and financial cost (bank interest). COD is only a partial component in determining the 
economics of oil palm on peat. Determination of Investment Rate of Returns (IRR) and 
payback period for example will take other cost factors into consideration.  Yield, cost of 
production, Crude Palm Oil (CPO) prices and capital cost should also be considered to calculate 
the full economics of oil palm cultivation.  Veloo (2014) has shown that COD to maturity for 
both mineral and peat soils has a significant impact to the IRR, payback period and EBITDA 
(Earnings Before Interest, Taxes, Depreciation and Amortisation) on oil palm investment.  
Similar research will be required in future for the five soil types investigated in this study. 
The opportunity cost of developing peatland as compared to the negative impacts 
usually highlighted by NGOs and environmentalists should also be considered.  The cost 
benefit analysis of developing peatland as compared to GHG emissions, loss of carbon after 
development, loss of biodiversity as a result of extinction of flora and fauna species, social 
impact on peatland community should be analysed in future studies.  It is also recommended 
that future studies should also look into the chemical properties of the various peat types and 
how it affects the cost of development. This will provide a more holistic view of the economics 
of peat soil cultivation, an area where future research can be focussed. 
7.6.  Conclusions 
This study tests the hypothesis that physical soil properties affect cost of oil palm development 
to maturity on peat and shows that different peat characteristics have a significant effect on the 
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cost of development for oil palm. Peat depth, presence and absence of wood and stage of 
decomposition of wood has the most significant effect on cost of development for oil palm as 
compared to other peat characteristics.  Nature of underlying mineral substratum and peat 
maturity was found to have no significant impact on cost of development. The study further 
confirms that the mineral sandy Spodosol, such as the Bako series, results in lower cost of 
development as compared to peat soils, such as the Naman, Suai, Bayas and Gedong series.  The 
results are important as peat areas with specific physical soil properties and showing higher 
cost of development such as Gedong series (total of 1,187 ha of the study area) can be left for 
conservation prior to development.  Future research should focus on a more holistic view 
considering the full economics of peat development in relation to yield, cost of production 
during maturity, sensitivity analysis at various levels of crude palm oil prices on the world 
market.  Other issues such as impact of chemical properties of peat to COD should also be 
looked at.  The opportunity cost of developing peat as compared to its negative impact to the 
environment should also be considered. 
 
 
  
Chapter 8 
General conclusions and future perspectives 
8.1.  General conclusions 
Tropical lowland peats have a distinctly different morphology compared to temperate and 
boreal peats (Wüst et al., 2003).  Tropical peat deposits often form peat domes having a 
discoidal shape and have logs and wood within their profiles.  Presence or absence of wood, 
peat maturity, degree of wood decomposition and nature of underlying mineral substratum are 
critical in describing the physical characteristics of tropical peat.  Despite the differences, most 
literature generalises the soil as ‘peat’ without looking into its properties.  Most past studies 
emphasises on peat depth (MPOB, 2005) and do not take the above inherent physical 
characteristics into consideration.  These characteristics have been incorporated in the 
Malaysian Soil Taxonomy (Paramananthan, 2010a) for the mapping of peat soils.  Using five 
soil series mapped at phase level in Malaysia, the study has shown that the current international 
mapping legends and peat classifications such as the World Reference Base (IUSS Working 
Group WRB, 2014) and the Keys to Soil Taxonomy (Soil Survey Staff, 2010) do not adequately 
characterise and differentiate tropical lowland peats.  The two main international systems do 
not characterise tropical peat to soil series and phase level as observed in the Malaysian Soil 
Taxonomy. Therefore there is a need to modify and incorporate some elements from the 
Malaysian Soil Taxonomy (Paramananthan, 2010a) into the international peat classifications 
systems.  The Malaysian Soil Classification system also helps in determining land use and 
management decisions for conservation and agriculture development  as it characterises 
tropical peat to soil series and phase level.  Areas with high density of wood within 1 m depth 
should be left for conservation instead of developing it for agriculture.  Selective development 
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of peatlands reduces stress on land shortage for food production.  Thus encouraging progress 
by closing ‘yield gaps’ on underperforming lands, increasing cropping efficiency, shifting diets 
and reducing waste (Folay, 2011).  This will be in line with the increase in global population 
which is projected to increase from 8 billion in 2025 to 10 billion by 2050 (Moran, 2011). 
Conservation on the other hand reduces the impact of global deforestation and improves 
sustainable management of peatland.  Indiscriminate development on peat will result in peat 
swamp destruction which can lead to loss of biodiversity, loss of habitat for wildlife, 
disturbance of hydrological cycle and reduction in water supply (Phillips, 1997).  Global 
deforestation is estimated to be at a rate of 3.6 million ha annually for agriculture and forestry 
expansion (Lian et al., 2011).  This can be addressed through conservation strategies of peat 
swamp forest by using an improved soil classification system and mapping methodology.  The 
use of the new classification system will answer the call for sustainable management of peat 
through scientific work and observation as highlighted by Silvius and Giessen (1996). 
Application of the research findings on peat classification which emphasises on 
inherent physical characteristics of peat is used to evaluate oil palm yield economics.  Findings 
shows that soil type (Telong, Naman, Bayas and Gedong series) on peat has a significant (P 
<0.01) impact on yield.  This is mainly due to the differences in the physical and morphological 
characteristics of the individual peat soils.  Among the various soil factors evaluated (depth, 
mineral substratum, peat maturity, presence and absence of decomposed or undecomposed 
wood) peat maturity (sapric or hemic) plays the most significant (P <0.01) role in determining 
the oil palm yield.  Type of mineral substratum for peat also shows some impact (P <0.02) with 
sandy substratum showing higher yields as compared to marine clay substratum.  Presence or 
absence of  wood factor has no significant impact on yield.  Peat depth which was usually used 
in past studies as a criteria for development had been found to be not significant (P <0.9) in 
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determining the yield of oil palm.  The findings, however, is only applicable to the study site 
Chawhere majority soils are deep and very deep peat. 
Mineral soils (sandy Spodosols, like Bako series) in this research recorded lower yields 
than two types of peat in this study.  This is contradictory to past observation by Pushparajah 
(2002) who highlighted that mineral soils are better yielding than peat soils.  Merits of the type 
of mineral and peat soils and its characteristics should be taken into consideration rather than 
generalising them into one category (peat or mineral).  
Findings also show that soil type (Naman, Bayas, Gedong and Suai series) on peat has 
a significant (P <0.01) impact on cost of oil palm development to maturity.  Among the various 
soil physical properties evaluated peat depth, wood factor and degree of wood decomposition 
plays the most significant (P <0.01) role in determining the oil palm COD. 
Nature of underlying mineral substratum and peat maturity (sapric or hemic) has no  
significant impact on COD.  The study further confirms that the mineral sandy Spodosol, such 
as the Bako series, results in lower cost (9-41%) of development as compared to peat soils, 
such as the Naman, Suai, Bayas and Gedong series.  Poor vegetation and wood biomass on 
sandy Spodosols and higher bulk density which does not require high felling clearing cost and 
compaction during land preparation reduces COD on sandy Spodosols (Veloo, 2014). 
While the improved classification system for peat soils taking physical soil 
characteristics to study the impact on oil palm yield and COD is a pioneering study, it will 
contribute to the decision of areas to be conserved or developed. 
8.2.  Future perspectives 
The research findings on classification system can be fully used to enhance the data on extent 
and distribution of peats through application of the Malaysian Soil Classification system 
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through semi-detailed soil mapping.  The use of remote sensing data is of very limited use in a 
tropical environment (Paramananthan, 2014b).  The best data is obtained by walking through 
the peat swamps to verify its depth, structure, presence of water layers, wood etc.  Until that is 
done the currently available data will be speculative and not fully scientific. Results of the 
research, which emphasises on inherent physical characteristics in tropical peat classification, 
should be further used to carry out soil mapping on remaining undeveloped peatland in 
Sarawak. It was reported that  land use goals for the state of Sarawak  is to plant up a balance 
of 1.4 million ha of oil palm and  this will be inclusive of peatlands (Len, 2010).  The  findings 
of the improved classification system can assist in delineating areas which are obviously not 
suitable or economically less viable and hence should be conserved. 
The improvement made on tropical peat classification should not only be used to 
develop tropical peatland but also be used to develop and promote conservation strategies.  
Presence of wood for example and whether it is decomposed or undecomposed as suggested in 
the Malaysian Soil Classification system should be used to determine areas which can be 
excised for conservation.  Peatland showing the presence of undecomposed wood within 1 m  
depth should be left for conservation instead of developing it for agriculture.  While efforts to 
protect tropical peat swamp forests which is rich in biodiversity should be encouraged, future 
studies should also highlight the importance of retaining areas of forest and protecting existing 
forest patches within plantations. 
The latest Malaysian Soil Classification system should also be used to explore further 
how the different peat characteristics influence and determine GHG emissions. There are 
uncertainties in the amount of CO2 emissions from peatlands (Hooijer et al., 2012). Phase level 
mapping criteria which have been proposed and used in the Malaysian Soil Classification 
system, will have to be tested in determining its usefulness in predicting potential GHG 
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emissions.  The emphasis on presence of wood and its nature whether decomposed or 
undecomposed is important as wood plays a very important role in GHG emission.  The 
identification of the wood factor in the new classification system opens a new chapter on future 
research on GHG emission.  Lack of detailed characterisation of peat is probably one of the 
important reasons why conflicting data on GHG emissions of tropical peats are reported. 
The impact of soil type on yield in this study is limited to the first 11 years of harvesting.  
Peat soil characteristics will change over time due to decomposition and mineralisation (Tayeb, 
2005). Thus the future research should be conducted over the full-life cycle of oil palm 
cultivation which involves 25 years.  The future research should explore the responses in yield 
by soil type as the different soil types can be further decomposed over time in a full-life cycle 
of planting.  The other data which will also be of interest is how palms will perform with age 
as the different types of peat soils change differently (mineralised) over time. 
The result of the study is applicable to the site where majority soils are deep and very 
deep soils. Thus a wider range of soil types should be used for such studies as this will enhance 
and validate the usefulness of the new classification system which takes the inherent tropical 
peat characteristics into consideration. There are 51 types of peat soils in Malaysia, each having 
different peat characteristics and the application of the current findings of research on 
classification method will enhance the grouping of soils into management groups where 
potential yields for each type of peat soil by its characteristics can be determined. 
The impact of other factors in relation to economics such as cost of production during 
maturity should also be further studied in the near future. The impact of good yields and lower 
COD can be marginalised by higher cost of production during maturity.  These will have an 
impact on the payback period and Investment Rate of Returns (IRR) in the long run. (Veloo, 
2013) Price of Crude Palm Oil (CPO) in the world market which determines the overall 
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economics of oil palm cultivation should also be looked into at the various yield levels and cost 
of production during maturity.  As CPO prices are determined at the world market and the 
industry is basically a price taker, a detailed sensitivity analysis taking various prices, 
production cost during maturity and yield levels will be useful in determining the overall 
economics of oil palm cultivation on peatland. 
Information on the social and economic effects of oil palm development is scarce and 
contradictory.  There is a major need for alternative production scenarios that allow 
ecologically and socially sustainable oil palm development and give the highest yields with the 
lowest social and environmental impacts.  There is also a major need for social studies at all 
levels, including plantation owners, employees, people depending on forest products or other 
crops, smallholder cooperatives, and indigenous communities (Arina et al., 2013). 
Overall, looking into the future, oil palm cultivation on peat should be looked at with a 
new light in view of the existing large uncertainties and knowledge gaps.  The key application 
of this research will be useful if semi-detailed soil surveys are carried out in the remaining peat 
areas in Sarawak, clearly identifying the soil characteristics and demarcating areas which will 
be useful for conservation and development.  Clearly, this research has opened up ever more 
exciting questions than one might have anticipated.  One can expect that research on potentials 
of tropical peatlands for agriculture will continue to capture the interest of soil scientists for 
many years to come. 
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Maps and legends 
 
 
 
 
 Appendix 1a – Semi-detailed soil map of Retus (Sibu) Complex Estates 
 Appendix 1b – Semi-detailed soil map legend of Retus (Sibu) Complex 
Estates 
 Appendix 1c – Soil management groups map of Retus (Sibu) Complex 
Estates 
 Appendix 1d – Soil management groups map legend of Retus (Sibu) 
Complex Estates 
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Appendix 1a – Semi-detailed soil map of Retus (Sibu) Complex Estates 
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Appendix 1b – Semi-detailed soil map legend of Retus (Sibu) Complex Estates 
SEMI-DETAILED SOIL MAP LEGEND 
RETUS (SIBU) COMPLEX ESTATES 
Sibu District, Sibu Division, Sarawak, Malaysia 
Type 
of 
Soil 
Map 
Symbol 
Soil 
Series 
Slope 
Class 
(%) 
Description 
M
in
e
ra
l 
S
o
il
s
 
Nyl/3 Nyalau 
Rolling 
(12-24) 
Deep (>100 cm) brownish yellow sandy loam.  Weak to moderate 
medium subangular blocky; friable.  Patchy clayskins.  Well drained.  
Soils developed over sedimentary rocks. 
Klt/3 Kapilat 
Rolling 
(12-24) 
Moderately deep (50-100 cm) brownish yellow sandy loam.  Weak to 
moderate medium subangular blocky; friable.  Patchy clayskins.  Well 
drained.  Soils developed over sedimentary rocks. 
Tka/3 
Tika 
Rolling 
(12-24) 
Deep (>100 cm), pale yellow to white fine sand to loamy fine sand.  Weak 
fine subangular blocky; very friable.  No clayskins.  Soil developed over 
sandstones. Tka/4 
Hilly 
(24-38) 
Bko/3 
Bako 
Rolling 
(12-24) 
Moderately deep (50-100 cm).  Thin white to pale yellow loose 
structureless sand (albic horizon) over a strongly cemented brown 
spodic horizon between 50-100 cm depth.  Moderately well drained.  
Soils developed over sandstones. 
Bko/4 
Hilly 
(24-38) 
O
rg
a
n
ic
 S
o
il
s
 
Oc/1 
Organic 
Clay 
Level 
(0-4) 
Deep black to dark brown humic clay.  Structureless; sticky.  Occasional 
piece of wood.  Mineral soils found in the transition between organic and 
mineral soils. 
Lgi/sh/1 
Linggi/ 
shallow 
Level 
(0-4) 
Shallow (50-100 cm) black non-woody highly decomposed non-woody 
sapric organic soil material.  Underlying mineral material (within 100) 
consists of non-sulphidic marine clay deposits.  Very poorly drained. 
Nmn/d/1 
Naman/ 
deep 
Level 
(0-4) 
Deep (150-300 cm) to very deep (>300 cm) black, non-woody, highly 
decomposed sapric organic soil material in subsurface tier (50-100 cm).  
Very poorly drained soils over non-sulphidic marine clay. Nmn/vd/1 
Naman/ 
very deep 
Level 
(0-4) 
Rts/d/1 
Retus/ 
deep 
Level 
(0-4) 
Deep (150-300 cm) to very deep (>300 cm).  Black to dark brown highly 
decomposed sapric organic soil material with decomposed wood in 
subsurface tier (50-100 cm).  Very poorly drained soils.  Mineral 
substratum below 150 cm consists of non-sulphidic marine clay. Rts/vd/1 
Retus/ 
very deep 
Level 
(0-4) 
Kna/vd/1 
Kenyana/ 
very deep 
Level 
(0-4) 
Very deep (300+ cm) dark brown to black sapric organic soils material 
with undecomposed wood.  Poorly drained.  Underlying material marine 
clay at 150-300 cm or over 300 cm depth.  Soils over organic deposits. 
Bys/vd/1 
Bayas/ 
very deep 
Level 
(0-4) 
Very deep (>300 cm) organic soil.  Brown to dark brown highly 
decomposed (sapric) organic soil material to 50 cm depth.  Below 50 cm 
the material is a partly decomposed (hemic) organic soil material.  Some 
decomposed wood pieces below 75 cm depth.  Underlying non-sulphidic 
marine clay occurs within 300 cm below the surface.  Very poorly 
drained.  Soils over organic deposits. 
Ged/vd/1 
Gedong/ 
very deep 
Level 
(0-4) 
Very deep (>300 cm) dark brown to black decomposed (sapric) to partly 
decomposed (hemic) material to 45 cm below which is a very dark brown 
partly decomposed hemic organic soil material with many 
undecomposed wood in the subsurface (50-100 cm) tier.  Very poorly 
drained.  Soils developed over organic deposits overlying marine clays 
at over 300 cm depth. 
Miscellaneous Land Units (TEMUDA, Mill Complex, Quarry, Water body) 
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Appendix 1c – Soil management groups map of Retus (Sibu) Complex Estates 
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Appendix 1d – Soil management groups map legend of Retus (Sibu) Complex 
Estates 
SOIL MANAGEMENT GROUP MAP LEGEND 
RETUS (SIBU) COMPLEX ESTATES 
Sibu District, Sibu Division, Sarawak, Malaysia 
Type 
of 
Soil 
Group 
Soil 
Management 
Group 
Soil Map 
Units 
Main 
Characteristic/ 
Limitation 
Management 
Practices Needed 
Peak 
Yield 
Potential 
mt/ha/yr 
M
in
e
ra
l 
S
o
il
 
L 
Nyl/3 
Klt/3 
Deep to moderately deep 
sandy loam textured soils.  
Well drained.  Moisture stress 
and yield fluctuations.  Highly 
erodable soils on steeper 
slopes.  Very low fertility. 
Soil erosion monitoring and 
mitigation. 
• Cover crop establishment. 
• Terracing. 
• Frond stacking. 
• EFB application. 
• Good fertilizer programme. 
• Monitor K levels. 
24-28 
D 
Tka/3 
Tka/4 
Bko/3 
Bko/4 
Moderately deep (50-100 cm) 
sandy (<10% clay) soils with 
albic and spodic horizons. 
Excessively drained. 
Moisture stress and yield 
fluctuation. 
• EFB application. 
• Frond stacking. 
• Erosion monitoring and 
mitigation. 
• Soil moisture conservation. 
• Cover crop (Mucuna) 
establishment. 
• Additional fertilizers (split).  
Break cemented pan. 
18-24 
O
rg
a
n
ic
 S
o
il
 
Oa 
Oc/1 
Lgi/sh/1 
Nmn/d/1 
Nmn/vd/1 
Shallow (50-100 cm), deep 
(150-300 cm) and very deep 
(300+ cm) sapric material, 
non-woody.  Poorly drained.  
Low fertility. 
Compaction of planting rows. 
High planting density. 
Water control and management. 
Good fertilizer programme with 
Cu, B and Zn. 
26-28 
Oawd 
Rts/d/1 
Rts/vd/1 
Tlg/vd/1 
Deep (150-300 cm) to very 
deep (300+ cm) sapric 
material with decomposed 
wood.  Poorly drained.  
Stunted growth common after 
five years.  Termites.  Low 
fertility. 
Compaction of planting rows. 
High planting density. 
Water control and management. 
Good fertilizer programme with 
Cu, B, Zn. 
Thinning of stunted palms. 
24-26 
Oawu Kna/vd/1 
Very deep (300+ cm) sapric 
material with undecomposed 
wood. Poorly drained.  
Stunted growth common after 
five years.  Termites.  Low 
fertility.  High cost of drain 
construction. 
Compaction of planting rows. 
High planting density. 
Water control and management. 
Good fertilizer programme with 
Cu, B, Zn. 
Thinning of stunted palms. 
22-24 
Oewd Bys/vd/1 
Very deep (300+ cm) hemic 
material with decomposed 
wood.  Poorly drained.  
Stunted growth common after 
five years.  Termites.  Low 
fertility.  High cost of drain 
construction. 
Compaction of planting rows. 
High planting density. 
Water control and management. 
Good fertilizer programme with 
Cu, B, Zn. 
Thinning of stunted palms. 
20-22 
Oewu Ged/vd/1 
Very deep (300+ cm) hemic 
material with undecomposed 
wood.  Poorly drained.  
Stunted growth common after 
five years.  Termites.  Low 
fertility.  High cost of drain 
construction. 
Compaction of planting rows. 
High planting density. 
Water control and management. 
Good fertilizer programme with 
Cu, B, Zn. 
Thinning of stunted palms. 
20-22 
Miscellaneous Land Units (TEMUDA, Mill Complex, Quarry, Water body) 
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Soil profile descriptions and analytical data 
 
 
 
 
Note:   
(a) All descriptions on moist field conditions. 
 
(b) Size Fractions: 
 
 Fine Earth  Diameter (mm) 
 clay – <0.002 
 silt – 0.002 – 0.02 
 fine sand – 0.02 – 0.2 
 coarse sand – 0.2 – 2.0 
 
 
 
Analytical Methods 
Skim Akreditasi Makmal Malaysia (SAMM) 
(Acredition Scheme for Laboratories in Malaysia) 
After Standard & Industrial Research Institute of Malaysia (SIRIM) 
These are identical with ISO/IEC 17025:2005 
Particle-size Class : Pipette Method 
pH : 1:1 in water 
Organic Carbon : Walkley and Black 
Nitrogen : Microkjeldahl 
Available P : Bray and Kutz No. 2 
Total P :  Aqua Regia 
Exchange Cations : Ammonium Acetate Buffered at pH-7 
(Cation Exchange Capacity) 
Loss on Ignition : Furnace ignition  at 550°C for six hours.  
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Summary of characteristics of the soil map units  
Soil Series Map 
Symbol 
Slope 
(%) 
Description 
Linggi/ 
moderately 
deep 
Lgi/md Level 
(0-4) 
Moderately deep (100-150 cm) organic soils.  
Black highly decomposed non-woody sapric 
organic soil material in surface (0-50 cm) and 
subsurface (50-100 cm) tier.  Underlying mineral 
material (within 100 or 150 cm respectively) 
consists of non-sulphidic marine clay deposits.  
Very poorly drained. 
Baram/ 
moderately 
deep 
Brm/md Level 
(0-4) 
Moderately deep (100-150 cm) organic soils.  
Black to dark brown, highly decomposed, non-
woody sapric material in surface (0-50 cm) and 
subsurface (50-100 cm) tier overlying marine 
sand within 100 to 150 cm. 
Kenyana/ 
very deep 
Kna/vd Level 
(0-4) 
Very deep (300+ cm) organic soil.  Dark brown 
to black sapric organic soils material in surface 
(0-50 cm) and subsurface (50-100 cm) tier.  
Undecomposed wood in sub-surface (50-100 
cm) tier.  Poorly drained.  Underlying material 
marine clay at 150-300 cm or over 300 cm depth.  
Soils over organic deposits. 
Naman/ 
very deep 
Nmn/vd Level 
(0-4) 
Very deep (>300 cm) black, non-woody, highly 
decomposed sapric organic soil material in 
surface (0-50 cm) and subsurface tier (50-100 
cm).  Very poorly drained soils over non-
sulphidic marine clay. 
Bayas/ 
very deep 
Bys/vd Level 
(0-4) 
Very deep (>300 cm) organic soil.  Brown to 
dark brown highly decomposed (sapric) organic 
soil material to 50 cm depth.  Below 50 cm the 
material is a partly decomposed (hemic) organic 
soil material.  Some decomposed wood pieces 
below 75 cm depth.  Underlying non-sulphidic 
marine clay occurs at 150 cm to over 300 cm 
below the surface.  Very poorly drained.  Soils 
over organic deposits. 
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Summary of characteristics of the soil map units (Continued) 
Soil Series Map 
Symbol 
Slope 
(%) 
Description 
Telong/ 
very deep 
Tel/vd Level 
(0-4) 
Very deep (300+ cm) organic soil. Black to dark 
brown, highly decomposed, sapric material in 
surface (0-50 cm) and subsurface (50-100 cm) 
tiers.  Partly decomposed wood in subsurface 
(50-100 cm) tier overlying marine sand below 
150 cm or 300 cm depth. 
Gedong/ 
very deep 
Ged/vd Level 
(0-4) 
Very deep (>300 cm) organic soil.  Dark brown 
to black highly decomposed sapric material to 50 
cm below which is a dark brown partly 
decomposed hemic organic soil material with 
many pieces of undecomposed wood in the 
subsurface (50-100 cm) tier.  Very poorly 
drained.  Soils developed over organic deposits 
overlying marine clays. 
Suai/ 
deep 
 
Sui/d 
 
Level 
(0-4) 
Deep (150-300 cm) organic soil.  Black to dark 
brown, sapric material in surface (0-50 cm) and 
subsurface (50-100 cm) tiers. Undecomposed 
wood in subsurface (50-100 cm) tier overlying 
marine sand below 150 cm or 300 cm depth. 
Bako Bko Rolling 
(12-24) 
Moderately deep (50-100 cm).  Thin white to 
pale yellow loose structureless sand (albic 
horizon) over a weakly cemented brown spodic 
horizon between 50-100 cm depth.  Moderately 
well drained.  Soils developed over sandstones. 
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Pedon No. : P1 
Soil Map Unit : Linggi Series/moderately deep (Lgi/md/1) 
Location : Retus (Sibu) Complex, Sibu, Sarawak 
Parent Material : Organic soil material overlying marine clay (Quaternary) 
Topography : Level 
Elevation (m) : 12 
Slope (%) : <2 
Vegetation/Land Use : Oil palm plantation 
Drainage : Very poorly drained 
Classification : a) Keys to Soil Taxonomy – Eleventh Edition 
   (Soil Survey Staff, 2010) 
    Typic Haplosaprist 
  b) FAO/UNESCO Soil Map of the World – Revised  Legend  
   (FAO, 1990) 
    Terric Histosol 
  c) Malaysian Soil Taxonomy  –  Revised Second Edition 
   (Paramananthan, 2010) 
    Sapric Topogambist 
  d) World Reference Base for Soil Resource  
   (FAO, 2006) 
    Sapric Histosol (Dystric, Drainic) 
  e) IUSS Working Group WRB 2014 
    Sapric, Dystric, Drainic, Histosol 
  
 Horizon Depth (cm) Description 
 Oa1 0-50 Dark reddish brown (5YR3/2), sapric organic soil material 
with many partly decomposed roots; structureless, massive, 
few fine roots; gradual smooth boundary. 
 Oa2 50-85 Dark reddish brown (5YR2.5/2), sapric organic soil material 
with common partly decomposed leaves and twigs and 
decomposed roots; clear smooth boundary. 
 Oe 85-110 Very dark brown (7.5YR2.5/2), hemic organic soil material 
with many partly decomposed sedges leaves, twigs and rare 
undecomposed wood. 
 2C 110+ Marine clay; massive, wet sticky. 
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Analytical data 
Pedon P1  —  Linggi Series/moderately deep 
 
Horizon : Oa1 Oa2 Oe 
Depth (cm) : 0-50 50-85 85-110 
 
pH  (1:2.5 – H2O) : 3.4 4.0 4.6 
 
Organic carbon % : 30.2 35.1 32.5 
Nitrogen % : 1.00 1.32 1.04 
C/N ratio : 30 27 31 
 
Available P (ppm) : 29 23 10 
Total P (ppm) : 232 165 129 
 
Exchangeable base cations 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) 
Calcium : 2.13 3.69 2.20 
Magnesium : 1.38 6.21 6.13 
Potassium : 0.40 1.26 7.13 
 
Cation exchange capacity 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) : 74.4 69.4 66.5 
 
Base Saturation % : 5 16 23 
 
Loss on ignition (%) : 95.2 97.5 94.1 
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Pedon P1 – Linggi Series/moderately deep 
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Pedon No. : P2 
Soil Map Unit : Baram Series/moderately deep (Brm/md/1) 
Location : Retus (Sibu) Complex, Sibu, Sarawak 
Parent Material : Organic soil material overlying marine sand (Quaternary) 
Topography : Level 
Elevation (m) : 16 
Slope (%) : <2 
Vegetation/Land Use : Oil palm plantation 
Drainage : Artificially drained 
Classification : a) Keys to Soil Taxonomy – Eleventh Edition 
   (Soil Survey Staff, 2010) 
    Terric Haplosaprist 
  b) FAO/UNESCO Soil Map of the World – Revised  Legend 
   (FAO, 1990) 
    Terric Histosol 
  c) Malaysian Soil Taxonomy – Revised Second Edition 
   (Paramananthan, 2010) 
    Sapric Topogambist 
  d) World Reference Base for Soil Resource (FAO, 2006) 
    Sapric Histosol (dystric, drainic) 
  e) IUSS Working Group WRB 2014 
    Sapric, Dystric, Drainic, Histosol 
 
 Horizon Depth (cm) Description 
 Oa1 0-30 Dark brown (10YR3/3), sapric organic soil material with 
weak coarse blocky structure; many fine and medium roots; 
gradual smooth boundary. 
 Oa2 30-60 Dark brown (7.5YR3/2) sapric organic soil material; massive 
and structureless; common semi decomposed twigs; diffuse 
smooth boundary. 
 Oa3 60-120 Dark brown (7.5YR3/3), sapric organic soil material; 
structureless, many medium and coarse roots and very few 
decomposed wood at depths below 90 cm; clear smooth 
boundary. 
 2C 120+ Grayish brown (10YR5/2), fine sand; massive. 
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Analytical data 
Pedon P2  —  Baram Series/moderately deep 
Horizon : Oa1 Oa2 Oa3 2C 
Depth (cm) : 0-30 30-60 60-120 120+ 
 
pH  (1:2.5 – H2O) : 3.5 3.9 4.1 4.7 
 
Organic Carbon % : 40.4 29.1 30.9 1.28 
Nitrogen % : 1.66 1.28 1.07 0.02 
C/N Ratio : 24 23 29 64 
 
Available P (ppm) : 41 18 18 1 
Total P (ppm) : 93 133 90 50 
 
Exchangeable Cations 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) 
Calcium : 0.49 0.81 0.50 0.29 
Magnesium : 1.07 1.60 1.91 0.03 
Potassium : 0.74 1.23 1.10 0.17 
 
Cation Exchange Capacity 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) : 78.3 70.2 69.2 5.73 
 
Base Saturation % : 3 5 5 8 
 
Loss on Ignition (%) : 97.3 97.3 94.5 2.1 
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Pedon P2  —  Baram Series/moderately deep 
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Pedon No. : P3 
Soil Map Unit : Kenyana Series/very deep (Kna/vd/1) 
Location : Retus (Sibu) Complex, Sibu, Sarawak 
Parent Material : Organic deposits (Quaternary) 
Topography : Level 
Elevation (m) : 10 
Slope (%) : 2 
Vegetation/Land Use : Oil  palm plantation 
Drainage : Very poor 
Classification : a) Keys to Soil Taxonomy – Eleventh Edition 
   (Soil Survey Staff, 2010) 
    Typic Haplosaprist 
  b) FAO/UNESCO Soil Map of the World – Revised  Legend 
   (FAO, 1990) 
    Terric Histosol 
  c) Malaysian Soil Taxonomy – Revised Second Edition 
   (Paramananthan, 2010) 
    Sapric Ombrogambist 
  d) World Reference Base for Soil Resource (FAO, 2006) 
    Sapric Histosol (dystric drainic) 
  e) IUSS Working Group WRB 2014 
    Sapric, Dystric, Drainic, Histosol 
     
 Horizon Depth (cm) Description 
 Oa1 0-16 Dark reddish brown (5YR2.5/2), highly decomposed sapric 
organic soil material; few semi decomposed twigs, soft; 
many fine and medium roots; gradual smooth boundary.  
 Oa2 16-60 Dark reddish brown (5YR2.5/2), highly decomposed organic 
soil sapric material; few semi decomposed wood, soft; many 
fine and medium roots; clear smooth boundary.  
 2Oawu 60-110 Dark reddish brown (5YR3/2), highly decomposed sapric 
organic soil material; many well decomposed and many 
undecomposed wood pieces; few live roots; clear smooth 
boundary.  
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Analytical data 
Pedon P3  —  Kenyana Series/ very deep 
Horizon : Oa1 Oa2 2Oawu 
Depth (cm) : 0-16 16-60 60-110 
 
 
pH (1:2.5 – H2O) : 3.3 3.5 3.8 
 
Organic Carbon % : 31.90 38.30 39.00 
Nitrogen % : 0.98 1.35 1.55 
C/N Ratio : 32 28 25 
 
Available P (ppm) : 93 54 66 
Total P (ppm) : 132 111 107 
 
Exchangeable Cations 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) 
Calcium : 1.78 0.75 1.19 
Magnesium : 8.23 4.27 4.38 
Potassium : 0.34 0.25 0.54 
 
Cation Exchange Capacity 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) : 69.80 81.30 78.20 
 
Base Saturation % : 15 6 8 
 
Loss on Ignition (%) : 99.2 99.5 99.3 
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Pedon P3  —  Kenyana series/very deep 
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Pedon No. : P4 
Soil Map Unit : Naman Series/deep (Nmn/d/1) 
Location : Retus (Sibu) Complex, Sibu, Sarawak 
Parent Material : Organic deposits over marine clay (Quaternary) 
Topography : Level 
Elevation (m) : 6 
Slope (%) : 2 
Vegetation/Land Use : Oil palm plantation 
Drainage : Artificially drained 
Classification : a) Keys to Soil Taxonomy – Eleventh Edition 
   (Soil Survey Staff, 2010) 
    Typic Haplosaprist 
  b) FAO/UNESCO Soil Map of the World – Revised  Legend  
   (FAO, 1990) 
    Terric Histosol 
  c) Malaysian Soil Taxonomy – Revised Second Edition 
   (Paramananthan, 2010) 
    Sapric Ombrogambist 
  d) World Reference Base for Soil Resource (FAO, 2006) 
    Sapric Histosol (dystric, drainic) 
  e) IUSS Working Group WRB 2014 
    Sapric, Dystric, Drainic, Histosol 
 
 Horizon Depth (cm) Description 
 Oa1 0-50 Black (5YR2.5/1) sapric organic soil material; massive; no 
wood; many fine and medium roots; gradual smooth 
boundary. 
 Oa2 50-100 Very dark gray (7.5YR3/1) sapric organic soil material; no 
wood; few medium roots; gradual smooth boundary. 
 Oa3 100-130 Reddish brown (5YR2.5/2) sapric organic soil material; few 
pieces of undecomposed wood. 
 
Note:  Marine clay at 230 cm depth. 
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Analytical data 
Pedon P4  —  Naman Series/deep 
Horizon : Oa1 Oa2 Oa3 
Depth (cm) : 0-50 50-100 100-130 
 
Texture 
Clay % : nd nd nd 
Silt % : nd nd nd 
Fine Sand % : nd nd nd 
Coarse Sand % : nd nd nd 
 
pH  (1:2.5 – H2O) : 3.3 3.6 3.7 
 
Organic Carbon % : 39.2 36.6 36.3 
Nitrogen % : 1.36 0.98 0.90 
C/N Ratio : 29 37 40 
 
Available P (ppm) : 37 16 4 
Total P (ppm) : 97 98 96 
 
Exchangeable Cations 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) 
Calcium : 4.33 2.62 1.56 
Magnesium : 1.13 1.02 0.81 
Potassium : 0.84 1.09 0.82 
 
Cation Exchange Capacity 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) : 70.4 64.7 60.8 
 
Base Saturation % : 9 7 5 
 
Loss on Ignition (%) : 97.0 97.8 95.8 
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Pedon No. : P5 
Soil Map Unit : Bayas Series/very deep (Bys/vd/1) 
Location : Retus (Sibu) Complex, Sibu, Sarawak 
Parent Material : Organic deposits over marine clay 
Topography : Level 
Elevation (m) : 3 
Slope (%) : 2 
Vegetation/Land Use : Oil palm plantation 
Drainage : Artificially drained 
Classification : a) Keys to Soil Taxonomy – Eleventh Edition 
   (Soil Survey Staff, 2010) 
    Typic Haplohemist 
  b) FAO/UNESCO Soil Map of the World – Revised Legend 
   (FAO, 1990) 
    Terric Histosol 
  c) Malaysian Soil Taxonomy – Revised Second Edition 
   (Paramananthan, 2010) 
    Hemic Ombrogambist 
  d) World Reference Base for Soil Resource (FAO, 2006) 
    Hemic Histosol (dystric drainic) 
  e) IUSS Working Group WRB 2014 
    Hemic, Dystric, Drainic, Histosol 
    
 Horizon Depth (cm) Description 
 Oa 0-65 Black (10YR2/1) sapric organic soil material; few fine and 
coarse roots; clear, smooth boundary. 
 Oewd 65-120 Very dark brown (10YR2/2) hemic organic soil material with 
some partially decomposed wood; few coarse roots. 
 
Note:  Non-sulphidic marine clay at 340 cm. 
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Analytical data 
Pedon P5  —  Bayas Series/very deep 
Horizon : Oa Oewd 
Depth (cm) : 0-65 65-120 
 
pH  (1:2.5 – H2O) : 3.4 3.7 
 
Organic Carbon % : 31.10 41.50 
Nitrogen % : 0.78 1.09 
C/N Ratio : 40 38 
 
Available P (ppm) : 16 14 
Total P (ppm) : 56 62 
 
Exchangeable Cations 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) 
Calcium : 0.62 0.61 
Magnesium : 2.18 1.07 
Potassium : 0.66 0.42 
 
Cation Exchange Capacity 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) : 60.2 71.4 
 
Base Saturation % : 6 3 
 
Loss on Ignition (%) : 99.7 99.7 
 
  
Appendix 2.  Soil profile descriptions and analytical data 
218 
Pedon No. : P6 
Soil Map Unit : Telong Series/very deep (Tel/vd/1) 
Location : Retus (Sibu) Complex, Sibu, Sarawak 
Parent Material : Organic deposit 
Topography : Level 
Elevation (m) : 5 
Slope (%) : 2 
Vegetation/Land Use : Oil palm 
Drainage : Very poor 
Classification : a) Soil Taxonomy   –   Second Edition 
   (Soil Survey Staff, 1999) 
    Typic Haplosaprist 
  b) FAO/UNESCO Soil Map of the World   –   Revised Legend 
   (FAO, 1990) 
    Terric Histosol 
  c) Malaysian Soil Taxonomy   –   Revised Second Edition 
   (Paramananthan, 2010) 
    Sapric Ombrogambist 
     
 HORIZON DEPTH (cm) DESCRIPTION 
 Oa 0-75 Black (10YR2/1) highly decomposed sapric material; few 
fine and coarse roots; clear smooth boundary. 
 Oa2wd 75-100 Very dark brown (10YR2/2) highly decomposed sapric 
material; few partly decomposed wood pieces; few coarse 
roots. 
 Oe 100-220 Very dark brown (10YR2/2) partly decomposed hemic 
material (not sampled). 
 C 220+ Marine sand (not sampled). 
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ANALYTICAL DATA 
Pedon P6  —  Telong Series/very deep 
Horizon : Oa Oa2wd 
Depth (cm) : 0-75 75-100 
 
pH  (1:2.5 – H2O) : 3.3 3.4 
 
Organic Carbon % : 35.7 40.0 
Nitrogen % : 1.34 1.17 
C/N Ratio : 27 34 
 
Available P (ppm) : 43 28 
Total P (ppm) : 269 142 
 
Exchangeable Cations 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) 
Calcium : 1.06 0.85 
Magnesium : 3.41 3.13 
Potassium : 1.13 1.29 
Sodium :  
 
Cation Exchange Capacity 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) : 81.6 81.1 
(NH4OAc.pH-7) (cmol (+) kg–1 clay) : - - 
 
Base Saturation % : 7 6 
 
Loss on ignition (%) : 98.0 99.3 
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Pedon P6  —  Telong Series/very deep 
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Pedon No. : P7 
Soil Map Unit : Gedong Series/very deep (Ged/vd/1) 
Location : Retus (Sibu) Complex, Sibu, Sarawak 
Parent Material : Organic deposit over marine clay (Quaternary) 
Topography : Level 
Elevation (m) : 1 
Slope (%) : 2 
Vegetation/Land Use : Oil palm 
Drainage : Very poorly drained (controlled drainage) 
Classification : a) Soil Taxonomy   –   Second Edition 
   (Soil Survey Staff, 1999) 
    Typic Haplohemists 
  b) FAO/UNESCO Soil Map of the World   –   Revised Legend 
   (FAO, 1990) 
    Terric Histosol 
  c) Malaysian Soil Taxonomy   –   Revised Second Edition 
   (Paramananthan, 2010) 
    Hemic Ombrogambists 
     
 HORIZON DEPTH (cm) DESCRIPTION 
 Oa 0-45 Black (10YR2/1) sapric organic soil material; few fine and 
coarse roots; clear, smooth boundary. 
 Oewu 45-100 Very dark brown (10YR2/2) hemic organic soil materials; 
few partially decomposed plant remains; undecomposed 
wood found below 80/90 cm. 
 C 300+ Marine clay (not sampled). 
 
 
Appendix 2.  Soil profile descriptions and analytical data 
222 
ANALYTICAL DATA 
Pedon P7  —  Gedong Series/very deep 
Horizon : Oa Oewu 
Depth (cm) : 0-45 45-100 
 
pH  (1:2.5 – H2O) : 3.9 4.0 
 
Organic Carbon % : 34.8 37.7 
Nitrogen % : 1.47 1.34 
C/N Ratio : 24 28 
 
Available P (ppm) : 13 9 
Total P (ppm) : 215 110 
 
Exchangeable Cations 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) 
Calcium : 2.50 2.74 
Magnesium : 1.58 1.86 
Potassium : 0.61 0.71 
 
Cation Exchange Capacity 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) : 47.6 70.0 
 
Base Saturation % : 10 8 
 
Loss on Ignition (%) : 97.2 98.4 
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Pedon P7 – Gedong Series/very deep 
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Pedon No. : P8 
Soil Map Unit : Suai Series/deep (Sui/d/1) 
Location : Retus (Sibu) Complex, Sibu, Sarawak 
Parent Material : Organic soil material overlying marine sand (Quaternary) 
Topography : Level 
Elevation (m) : 16 
Slope (%) : <2 
Vegetation/Land Use : Oil palm 
Drainage : Very poorly drained 
Classification : a) Soil Taxonomy   –   Second Edition 
   (Soil Survey Staff, 1999) 
    Typic Haplosaprist 
  b) FAO/UNESCO Soil Map of the World   –   Revised Legend 
   (FAO, 1990) 
    Terric Histosol 
  c) Malaysian Soil Taxonomy   –   Revised Second Edition 
   (Paramananthan, 2010) 
    Sapric Ombrogambist 
     
 HORIZON DEPTH (cm) DESCRIPTION 
 Ap/Oa1 0-35 Very dark brown (7.5YR2.5/3), sapric material with common 
fine and medium organic crumbs, single and loose, many fine 
and medium roots with many semi decomposed twigs and 
leaves; gradual smooth boundary. 
 Oawd 35-70 Dark reddish brown (5YR3/2), fine sapric soil material; 
massive and structureless; few roots; common semi 
decomposed leaves and fern; partly decomposed twigs and 
woods; many undecomposed twigs and wood pieces; clear 
smooth boundary. 
 Oawu 70-120 Very dark brown (10YR2/2), sapric grading at depth to hemic 
material; many undecomposed and undecomposed woods, 
twigs and partly decomposed leaves. 
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ANALYTICAL DATA 
Pedon P8  —  Suai Series/deep 
Horizon : Ap/Oa1 Oawd Oawu 
Depth (cm) : 0-35 35-70 70-120 
 
pH  (1:2.5 – H2O) : 3.3 3.6 3.6 
 
Organic Carbon % : 29.1 34.0 29.6 
Nitrogen % : 1.20 1.22 1.07 
C/N Ratio : 24 28 28 
 
Available P (ppm) : 113 16 4 
Total P (ppm) : 447 90 57 
 
Exchangeable Cations 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) 
Calcium : 3.51 1.46 0.58 
Magnesium : 3.43 3.58 2.55 
Potassium : 0.46 0.23 0.20 
 
Cation Exchange Capacity 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) : 65.5 73.1 70.7 
(NH4OAc.pH-7) (cmol (+) kg
–1 clay) : - - - 
 
Base Saturation % : 11 7 5 
 
Loss on ignition (%) : 81.5 98.8 98.7 
  
Appendix 2.  Soil profile descriptions and analytical data 
226 
 
 
 
 
 
 
Pedon P8  —  Suai Series/deep 
 
  
Appendix 2.  Soil profile descriptions and analytical data 
227 
Pedon No. : P9 
Soil Map Unit : Bako Series (Bko/3) 
Location : Retus (Sibu) Complex, Sibu, Sarawak 
Parent Material : Sedimentary rocks (Eocene) 
Topography : Rolling 
Elevation (m) : 40 
Slope (%) : 20 
Vegetation/Land Use : Wild grass and young oil palm 
Drainage : Well to somewhat excessively drained 
Classification : a) Soil Taxonomy   –   Second Edition 
   (Soil Survey Staff, 1999) 
    Typic Haplohumod 
  b) FAO/UNESCO Soil Map of the World   –   Revised Legend 
   (FAO, 1990) 
    Carbic Podzols 
  c) Malaysian Soil Taxonomy   –   Revised Second Edition 
   (Paramananthan, 2010) 
    Typic Haplohumod 
Field Legend : S.S.Sc – 61.7 
  S-(3Sc) – C33 
 
     
 HORIZON DEPTH (cm) DESCRIPTION 
 Ap 0-40 Very pale brown (10YR7/3) sand (medium to fine); single 
grain; structureless; common fine roots; clear smooth 
boundary. 
 E 40-70 White (2.5Y8/1) sand (medium to fine); single grain; 
structureless; no roots; abrupt smooth boundary. 
 Bh 70-80 Very dark grayish brown (10YR3/2) loamy sand; massive 
and strongly cemented humus-rich spodic horizon; no roots; 
clear smooth boundary. 
 BC 80+ Brownish yellow (10YR6/8) sandy loam; weak to moderate 
coarse subangular blocky; slightly firm; some weathering 
rock fragments. 
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ANALYTICAL DATA 
Pedon P9  —  Bako Series 
Horizon : Ap E Bh BC 
Depth (cm) : 0-40 40-70 70-80 80+ 
 
Texture 
Clay % : 1 2 9 12 
Silt % : 7 7 7 8 
Fine Sand % : 52 50 47 48 
Coarse Sand % : 40 41 37 32 
 
pH  (1:2.5 – H2O) : 4.6 3.8 4.9 4.9 
 
Organic Carbon % : 0.65 0.04 1.04 0.51 
Nitrogen % : 0.01 0.04 0.03 0.02 
C/N Ratio : 6 1 35 25 
 
Available P (ppm) : 2 4 4 3 
Total P (ppm) : 10 18 35 25 
 
Exchangeable Cations 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) 
Calcium : 0.13 0.19 0.13 0.12 
Magnesium : 0.02 0.05 0.04 0.04 
Potassium : 0.05 0.06 0.23 0.10 
 
Cation Exchange Capacity 
(NH4OAc.pH-7) (cmol (+) kg–1 soil) : 2.58 2.20 9.94 4.41 
(NH4OAc.pH-7) (cmol (+) kg–1 clay) : - - - - 
 
Base Saturation % : 8 14 4 6 
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